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FOREWORD 


'Ihe  scope  of  deployable  acrodynumic  dceelemtor  requirements,  techniques,  and  applicable  technology 
Iuih  developed  to  the  point  nt  which  un  np-to-dnlc  guide  in  required  for  deceleralor  system  selection,  de- 
tuil  design,  and  performunce  prediction.  It  is  increasingly  dear  thut  a  system  point  of  view  must  be 
adopted  in  which  all  pertinent  aspects  of  mission,  state-of-the-art,  and  technology  are  taken  into  account. 

'Ihis  report,  therefore,  brings  together  information  uud  insights  on  all  major  factors  that  must  be  con¬ 
sidered  in  designing  and  developing  successful  aerodynamic  decelerator  systems.  Hath  subject  is  sys¬ 
tematically  developed,  both  individually  und  as  it  relates  to  other  pertinent  aspects.  Theory,  experience 
and  judgment  go  hand-in-hand  in  the  design  of  decelerulors.  'Hie  value  of  applying  sound  engineering 
principles  from  the  very  outset  of  the  design  consideration  cannot  be  overemphasized.  ’Hie  deceleralor 
is  increasingly  essential  for  successful  mission  performance,  and  its  optimization  should  begin  with  the 
initial  conception  and  design  of  the  system. 

Thin  is  the  second  major  revision  of  the  I ISAF  Parachute  Handbook.  It  represents  an  increase  over  its 
predecessors  of  approximately  two-thirds  in  technical  scope  and  content  —  a  point  which  underscores  the 
progress  and  development  experienced  in  this  field.  A  cut-off  date  of  approximately  mid-1962  was  appli  ed 
to  the  data  collection  and  references. 
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Jet  Company,  Ridgefield,  New  Jersey,  under  the  supervision  of  Mr.  Ceorge  Cberaowitz. 
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numerous  regards  is  also  gratefully  acknowledged. 


Recommendations  with  respect  to  corrections,  deletions,  additions,  or  any  other  changes  to  improve 
the  format  or  contents  of  this  report  should  be  forwarded  to  the  AF  Flight  Dynamics  Laboratory,  Re¬ 
search  and  Technology  Division,  Air  Force  Systems  Command,  Wright-Patterson  Air  Force  Base,  Ohio, 
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ABSTRACT 


Tne  present  state-of-the-art,  technology,  and  theory  applicable  to  deployable 
aerodynamic  decelerators,  especially  textile  parachute  canopies,  are  presented. 
Major  types  of  decelerators  are  described,  and  their  aerodynamic  and  operational 
characteristics,  as  well  as  applications,  are  discussed.  Detailed  coverage  is 
given  to  decelerator  materials,  design  and  construction,  hardware,  test  methods 
and  vehicles,  and  test  instrumentation,  Decelerator  design  procedures  end  per¬ 
formance  prediction  techniques  are  demonstrated  by  sample  calculations. 
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INTRODUCTION 


Deployable  aerodynamic  decrlerators  are  devices 
which,  by  virtue  of  their  design  configuration  anil  per¬ 
formance  characteristics,  augment  the  baaic  drag,  anil 
in  some  cuses  the  stability,  of  flight  vehicles  to 
which  they  are  attacheil.  In  all  aerinlynainic  drag  de¬ 
vices,  the  retarding  force  is  generated  by  changing 
the  momentum  of  the  air  through  which  the  device 
passes.  This  action  brings  about  the  desired  change 
in  flight-vehicle  velocity  and  provides  for  a  constant 
or  programmed  rate  of  descent  of  the  suspended  load. 
Although  deployable  aerodynamic  decelerators  are 
used  with  flight  vehicles,  they  do  not  specifically 
form  a  part  of  the  flight-vehicle  structure. 

Among  deployable  acrodvnamic  decelerators,  the 
self-inflating  textile  parachute  cunopy  is  undoubted¬ 
ly  the  best  known,  and  ia  the  most  widely  utilized 
because  of  its  high  drag  efficiency  and  its  relative 
simplicity  of  system  and  component  design.  Conse- 
quently,  primary  emphasis  is  given  in  the  following 
chapters  to  the  design  considerations  and  prrto,.,-..'  ,  r 
characteristics  of  textile  parachute  canopies  of  vari¬ 
ous  configurations. 

The  word  parachute  is  derived  from  the  French 
words  par  are.  “to  shield  or  defend,”  and  chute,  "  a 
fall."  Hy  definition,  a  parachute  is  a  folding  umbrella- 
like  device  uacd  for  making  a  safe  descent  through 
the  air.  Although  the  parachute  was  initially  con¬ 
ceived  for  use  by  human  beings,  devices  for  making 
safe  descents  are  used  today  not  only  for  premedi¬ 
tated  and  emergency  escape  of  crew  members  from 
aero-space  vehicles,  or  for  the  air  drop  of  equipment, 
but  they  have  also  become  one  of  the  most  important 
components  in  many  types  of  flight  vehicle*.  In  fact, 
the  changes  in  “parachute”  configuration  which  have 
taken  place  during  the  last  twenty  years  have  led  to 
defining  drag  devices  in  somewhat  broader  terminol¬ 
ogy  as  “deployable  aerodynamic  decelerators.” 

F.arly  History.  The  history  of  parachutes  dates  back 
to  medieval  days.  F.vidence  found  in  the  historical 
archives  at  Peking,  China,  and  translated  by  the 
French  monk,  Vasson,  indicates  that  parachute-like 
devices  were  used  as  early  as  the  12th  Century. 
Stories  relate  that  some  form  of  porachute  was  used 
during  circus-type  stunts  arranged  to  entertain  guests 
at  Chinese  court  ceremonials.  The  relation  between 
the  umbrella,  known  to  have  been  invented  by  the 


Chinese,  and  this  early  device  appears  obvious. 

I  he  first  known  pictorial  evidence  of  the  drag  prin¬ 
ciple  appeared  in  the  sketchbook  of  I  .eonardo  da  Vinci 
in  lr,H  (l  ig.l).  The  device  pictured  was  a  pyramid- 
shaprd  structure  by  means  of  which,  the  sketch  im¬ 
plied,  a  man  might  leap  from  a  tower  without  greatly 
endangering  his  life.  However,  ns  far  ns  in  known, 
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ilii  \  inci  diil  not  reduce  his  sketch  to  practice.  Almost 
one  hundred  years  lapsed  before  the  concept  of  the 
parachute  was  again  recorded  in  the  annals  of  history. 
In  1595,  Fausto  Veranzio  (Fig.  2),  Hungarian  mathe¬ 
matician  living  in  Italy,  published  the  idea  of  a  para¬ 
chute  aa  a  “fall  breaker",  and  described  several 
successful  trial  jumps  which  he  claimed  to  have  made 
from  a  tower  in  Venice;  however,  his  claims  to  suc¬ 
cessful  jumps  have  not  really  been  substantiated. 

More  authority  can  be  attached  to  the  experiments 
of  the  Frenchman,  Joseph  Montgolfier,  who,  late  in 
the  18th  Century,  began  to  put  some  ol  the  then  cur¬ 
rent  scientific  findings  to  practical  use.  Concurrent 
with  his  experiments  on  hot-air  hnlloons,  he  became 
interested  in  the  concept  of  parachute-like  devices, 
and  tested  the  invention  he  evolved  by  dropping  a 
number  of  animals  from  towers.  Subsequently,  he  him¬ 
self  test-jumped  from  the  roof  of  his  house  at  Annonay 
and  later  from  “greater  heights”,  presumably  from 
one  of  his  balloon  gondolas.  A  French  contemporary 
of  Montgolfier,  Sebastian  l.enormand,  successfully 
attempted  a  demonstration  of  the  parachute  concept 
by  descending  with  the  aid  of  n  parachute-like  device 
from  the  top  of  the  Montpelier  Observatory  in  Paris. 
It  is  not  certain  how  far  Montgolfier  actually  pursued 
his  parachute  experiments;  however,  it  can  be  said 
that  his  balloons  gave  parachute  jumping  a  sudden 
and  practical  impetus. 

(Up  to  this  time,  professional  exhibitionists  and 
stuntmen  had  been  jumping  from  towers  or  high  build¬ 


ings  (Fig.  .'!)  After  Montgolfier  had  demonstrated  bal¬ 
loon  flying  as  practical,  a  more  suitable  platform  was 
available,  and  an  increase  in  parachute  jumping,  al¬ 
though  atill  for  stunt  purposes,  is  recorded.) 

The  number  of  balloon  accidents  which  occurred 
during  this  period  led  to  the  consideration  of  the  para¬ 
chute  as  a  possible  means  of  saving  lives.  Thin  trend 
was  accelerated  lute  in  the  18th  century  when  Jean 
Pierre  lllanchard,  one  of  the  most  famous  balloonists 
of  the  day  and  the  first  man  to  soar  out  over  the  Kng- 
lish  Channel,  became  interested  in  the  parachute. 
After  trying  it  successfully  on  animals,  including  his 
own  dog,  lllanchard  personally  made  several  success¬ 
ful  jumps.  At  the  tum  of  the  century,  between  1797 
and  1802,  Andrew  Jacques  Carnerin,  who  achieved 
fame  by  the  number,  daring,  and  success  of  his  jumps, 
inude  o  series  of  parachute  drops  both  in  F.ngland  and 
in  France  ,  culminating  in  a  jump  from  an  altitude  of  ap- 


Fig.  3  Sebastian  Lcnormand  Jumps  from  Rooftops , 
Montpelier,  France ,  1783 
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Fig.  4  Design  for  a  Parachute,  c.  1802  ( Camerin ) 


proximately  2400  meters  in  a  cylindrical  basket  ana- 
pended  from  a  parachute.  All  of  the  recorded  parachute 
jumps  up  to  this  time  had  been  of  a  premeditated 
nature.  The  first  recorded  emergency  landing  by  para¬ 
chute  waa  not  made  until  24  July  1806  when  the  Pol¬ 
ish  aeronaut  Jordaki  Kuparento  descended  safely  from 
his  burning  balloon  over  the  city  of  Warsaw. 

The  years  of  experimentation  with  parachutes  aatil 
the  turn  of  the  20th  century  had  produced  very  little 
more  than  crude  and  sometimes  unreliable  devices 
for  the  purpose  of  performing  stunts  and  providing 
entertainment.  Inevitably,  aome  parachutists  were 
killed,  with  a  consequent  dampening  of  the  enthusiasm 
of  other  jumpers.  The  advent  of  the  airplane,  however, 
changed  this  situation  quickly.  Partly  because  of  the 
new  thrill  found  in  jumping  from  a  moving  aerial  plat¬ 
form,  and  partly  owing  to  the  necessity  of  providing 
escape  from  disabled  airplanes  (considering  their 
added  complexities  of  operation),  further  development 
of  the  parachute  accelerated.  Besides  changes  to  the 
parachute  itself,  changes  in  techniques  of  use  became 
necessary.  Thus,  the  advent  of  the  airplane  caused 
the  launching  of  a  series  of  scientific  experiments 
to  make  the  parachute  more  airworthy  and  led  to  the 
deployable  aerodynamic  decelerator  of  today. 


First  Design  Concepts.  One  cnn  safely  nssume  that 
the  first  Chinese  parachute  was  umbrella-shaped. 
Da  Vinci's  parachute  (Fig.  1),  however,  consisted  of 
four  triangular  pieces  of  cloth  joined  to  form  u  pyra¬ 
mid  from  which  the  jumper  was  suspended  by  means 
of  ropes.  Da  Vinci,  in  the  Codes  Atianticus,  I  Vi.',, 
added  the  following  details:  ‘‘If  a  man  have  a  tent 
roof  of  calked  linen,  twelve  braccia  broad  and  twelve 
braccia  high,  he  will  be  able  to  let  himself  fall  from 
any  height  without  danger  to  himself.”  Presumably, 
this  parachute  would  have  worked,  at  least  to  a  de¬ 
gree.  The  parachute  couceived  by  Veranzio  (Fig.  2) 
consisted  of  a  square  of  linen  held  rigid  on  a  wooden 
frame.  The  jumper  held  on  to  four  cords,  one  attached 
at  each  comer.  Veranzio  claimed  that  his  design 
proved  successful,  and  there  is  no  reason  to  believe 
that  it  would  not  have  worked. 

The  parachute  with  which  Gamerin  conducted  his 
experiments  waa  again  umbrella-shaped,  and  like  the 
umbrella,  was  reinforced  by  a  central  stem  (  see 
Fig.  4).  This,  at  the  time,  was  a  revolutionary  de¬ 
parture  from  haying  the  parachute  held  open  perma¬ 
nently  by  a  rigid  framework.  However,  Carnerin  en¬ 
countered  serious  oscillatory  problems  during  his 
experiments,  and  initiated  efforts  to  find  the  causes 
and  possible  remedies  for  these  discouraging  gyra¬ 
tions.  Some  of  his  contemporaries  also  concerned 
themselves  with  finding  a  solution  to  the  oscillatory 
problem.  The  English  scholar,  Sir  George  Cayley, 
proposed  as  a  remedy  a  cone-shaped  parachute  which 
would  be  used  with  the  apex  pointing  downwards. 
Cayley  developed  this  idea,  and  according  to  his  re¬ 
port,  it  was  used  with  success  by  the  German,  Lorenz 
Hengler.  Ilengler,  in  fact,  made  several  jumps  with 
this  cone-shaped  parachute  from  heights  of  from  30  to 
120  meters  “without  experiencing  the  least  discom¬ 
fort.” 

A  number  of  additional  jumps  were  made,  and  ex¬ 
perience  proved  that  the  inverted  cone-shaped  para¬ 
chute  waa  essentially  sound  in  theory,  but  consistent 
success  in  practice  was  another  matter.  Consequently, 
more  accidents  inevitably  happened.  An  English  art¬ 
ist,  Robert  Cocking,  experimented  in  1837  with  a 
parachute  design  (Fig.  5)  based  on  Hengler’s  concept 
and  was  killed  when  his  cone-shaped  parachute  dis¬ 
integrated  during  a  jump  from  1700  metera  altitude, 
probably  because  its  construction  was  not  sufficient¬ 
ly  strong  to  support  the  200  lb  of  suspended  weight. 
Since  Cooking's  parachute  had  been  widely  publi¬ 
cized  as  tbe  solution  to  the  strange  behavior  of  Gar- 
nerin’s  parachute,  his  death  caused  even  wider  public 
disbelief  in  and  disapproval  of  the  parachute  concept. 
However,  efforts  were  continued  by  others  to  solve 
the  oscillation  problem. 


4 


Fig.  S  Cocking' s  Parachute,  1837 


Tie  French  astronomer  Lelandea  theorized  that 
the  canae  of  the  oacillatory  motion*  of  the  parachute 
wan  the  air  trapped  under  the  drag-producing  nurface 
and  apilling  out,  firat  under  one  aide  and  then  the 
other,  lie  alleviated  the  problem  by  permitting  a  con¬ 
stant  and  steadying  flow  of  air  to  escape  upward 
through  a  hole  provided  in  the  apex  of  the  drag- 
producing  surface.  This  was  the  firat  vent;  and  it 
worked. 

Deployment  Origins.  A  solution  to  the  oscillatory 
problem  had  now  been  fonnd  and  stunts  with  para¬ 
chutes  continued.  Up  to  now,  however,  nil  parachutes 
used  had  been  of  the  rigid  or  semi-rigid  type,  held 
open  by  a  wooden  frame.  F,arly  in  1804,  a  Frenchman 
named  Bourget  proved  during  a  parachute  jump  in 
Germany  that  a  completely  collapsible  parachute  was 
not  only  practical,  bat  was  much  more  convenient  to 
carry  around.  It  could  be  folded  when  not  in  use,  and 
it  relied  on  air  pressure  alone  to  hold  it  open.  Ex¬ 
periments  w:th  foldable  parachutes  continued,  and  in 
1887  Captain  Thomas  Baldwin,  an  American  jumper 
of  much  renown,  introduced  a  collapsible  silk  para¬ 
chute  with  vent  opening  in  this  country. 

In  1890,  Paul  Letteman  and  Kaethe  Paulus,  German 
exhibition  jumpers,  demonstrated  the  first  use  of  para¬ 
chutes  folded  and  packed  in  bags.  Their  innovation 
grew  out  of  a  special  act,  a  double  parachute  jump, 
in  which  both  performers  left  a  balloon  by  means  of 
one  parachute;  then  one  made  a  second  jump  with  the 
other  parachute.  A  bag-like  container  was  used  in 


this  exhibition  to  keep  the  entire  parachute  assembly 
intact  until  the  very  moment  it  was  to  be  used.  This 
container  or  (tag  idea,  however,  did  not  take  hold 
immediately,  and  was  not  even  utilized  during  the 
first  jumps  from  the  moving  platform  of  the  airplane. 

Grant  Morton,  some  believe,  was  the  first  man  to 
jump  by  parachute  from  an  airplane,  although  Captain 
Albert  Berry,  who  had  previoualy  jumped  from  bal¬ 
loons,  is  another  claimant  for  that  honor.  Morton,  late 
in  1911,  is  reported  to  have  jumped  from  a  Wright 
Model  B  airplane  flying  over  Venice  Beach,  Cali¬ 
fornia.  Morton  carried  his  folded  parachute  in  hia 
arms;  as  he  jumped  he  threw  the  parachute  canopy 
into  the  air.  The  parachute  opened,  and  Morton  landed 
safely.  Captain  Albert  Berry,  who  like  his  father  John, 
was  somewhat  experienced  with  balloous  and  para- 
chutea,  completed  a  successful  parachute  jump  from 
a  two-seated  pusher  plane  near  St.  L.ouia.  His  36-ft- 
diameter  parachute  was  packed  in  a  cone-shaped 
container  fastened  underneath  the  fuselage.  Instead 
of  being  strapped  in  a  harness.  Berry  was  sitting  on 
a  trapeze  bar  attached  to  the  suspension  lines. 

These  parachutes  and  all  others  used  before,  were 
of  the  "automatic”  type,  meaning  that  they  were 
either  inflated  prior  to  the  jump  or  were  pulled  into 
the  airstream  from  a  container  fastened  to  the  aerial 
platform.  This  type  of  parachute,  however,  soon  prov¬ 
ed  to  be  inadequate  for  safe  escape  from  moving 
aerial  platforms.  In  1908,  Imo  Stevens  devised  the 
firat  parachute  which  coaid  be  opened  by  the  jumper 
with  a  ripcord,  although  the  "free”  type  parachute 
was  not  utilised  substantially  until  1920. 

A  patent  granted  early  in  1911  to  an  Italian  inven¬ 
tor  named  Pino  for  a  flexible  parachute,  including  a 
pilot  chute,  must  be  considered  an  one  of  the  major 
milestones  in  parachute  history.  As  claimed  in  the 
patent,  the  jumper  using  this  new  device  would  wear 
his  parachute  in  a  pack  like  a  knapsack.  On  his  head 
would  be  a  bat-like  device  fashioned  into  a  leather 
cap,  which  would  blossom  out  into  a  smaller  open 
parachute.  During  the  jump,  the  small  pilot  chute 
would  pull  off  the  hat  and  deploy  the  larger  parachute 
from  the  knapsack. 

Military  Development.  When  World  War  I  began  in 
1914,  very  few  crew  members  of  balloons  or  airplanes 
carried  parachutes.  The  Germans  were  probably  the 
first  to  appreciate  that  a  pilot’s  or  crew  member’s 
life  must  be  saved  in  case  of  emergency,  and  that 
the  parachute  was  the  means  to  accomplish  this. 
Within  a  year,  the  Germans  had  equipped  their  bal¬ 
loon  crews  with  a  parachute  developed  by  the  woman 
parachutist,  Kaethe  Paulus.  The  British  and  French 
followed  this  example,  equipping  their  balloons  with 
parachutes  packed  in  conical  containers  positioned 


outside  the  gondola,  and  the  Americana  adopted  the 
French  balloon  parachute.  The  heavy  tuna  of  aviotora 
in  balloon  and  airplane  aicidenta,  an<t  downingn 
caused  by  enemy  actions,  brought  the  parachute  into 
its  own. 

An  Auatrian  pilot  made  the  firat  eacajje  by  para¬ 
chute  from  a  disabled  plane,  on  the  Russian  front  in 
1916.  Three  months  later,  another  Austrian  pilot  made 
a  safe  escape  from  another  disabled  plane.  By  1917, 
the  parachute  had  proven  itself,  and  both  Germans 
and  English  were  equipping  their  air  forces  with  these 
life-saving  devices.  By  the  summer  of  1918,  para¬ 
chutes  were  in  wide  use  on  all  fronts. 

These  early  life-saving  parachutes  were  basically 
of  the  bag  type  and  operated  “automatically”.  The 
German  version  was  the  lie  inch  e  Sack  parachute;  the 
F.nglish,  the  C.althorp  or  “Guardian  Angel”  parachute. 
They  were  attached  to  the  flier  by  means  of  a  har¬ 
ness,  and  the  bag-type  parachute  became,  when  not 
in  use,  a  sort  of  cushion,  From  within  its  bag,  the 
canopy  was  attached  by  a  static  linr  to  the  plane. 
When  the  pilot  jumped,  the  tightening  static  line 
pulled  the  parachute  from  its  container  ready  for 
action. 

Improvements  continued  to  be  made  to  both  para¬ 
chutes  during  the  following  year  to  increase  their 
operational  reliability.  The  Germans  successfully 
incoroorated  a  principle  first  published  by  I’ino,  that 
of  utilizing  a  smaller  pilot  parachute  to  deploy  the 
large  parachute,  although  the  pilot  parachute  con¬ 
tinued  to  be  deployeil  by  a  static  line.  Further  modi¬ 
fications  were  made  also  to  the  “Guardian  Angel.” 

Still,  the  purnchutes  used  during  World  War  I  were, 
by  modern  standards,  makeshift  contraptions.  They 
had  proven  their  worth,  however,  and  formed  the  basis 
for  experiments  in  design  which  were  initiated  im¬ 
mediately  after  the  war  and  have  continued  since. 

General  William  Mitchell,  Commander  of  the  B.S. 
Air  Force  in  France,  was  primarily  instrumental  in 
getting  an  organized  parachute  test  and  development 
program  started  in  the  Baited  States.  As  a  result  of 
his  pleas  for  more  and  better  parachutes  for  his  pi¬ 
lots,  a  parachute  facility  was  established  at  McCook 
Field,  Dayton,  Ohio,  and  began  functioning  in  the 
summer  of  1918.  In  December  1918,  Major  E.  I,.  Hoff¬ 
man  was  put  in  charge  of  the  project,  which  had  now 
become  of  considerable  importance.  Major  changes 
in  parachute  design  can  be  attributed  to  the  collec¬ 
tive  and  individual  efforts  of  the  members  of  this 
group. 

Initially,  experiments  at  McCook  Field  were  con¬ 
ducted  on  automatic  parachutes  of  two  general  types. 
In  one,  the  parachute  and  its  container  were  nttnehed 
to  the  airplane,  and  the  parachute  was  connected 


with  u  rope  to  a  harness  worn  by  the  jumper;  in  the 
second,  the  parachute  was  packed  in  a  bag,  worn  by 
the  jumper,  and  the  rope  connected  the  parachute 
directly  to  the  airplane.  In  either  case,  the  pilot  or 
jumper  had  only  to  jump,  and  when  he  reached  the 
end  of  the  rope,  the  parachute  was  automatically 
pulled  out  of  its  container  and  into  the  airstream. 
Great  difficulties  were  experienced  during  attempts 
to  perfect  this  type  of  parachute  deployment,  and 
although  hundreds  of  tents  were  conducted  with  these 
models,  none  met  the  rigorous  requirements  which 
had  been  established. 

Thought  was  again  given  to  a  "free”  parachute  to 
be  released  from  the  pack  by  the  operator  after  he 
jumped.  The  first  model,  known  as  Model  A,  was  38  ft 
in  diameter,  a  flat  circular  parachute  canopy  made 
of  Htruight-cut  silk.  It  was  composed  of  40  gores  with 
40  braided  suspension  lines  and  had  a  vent  40  in. 
in  diameter  controlled  by  thick  rubber  bands.  It  was 
packed  in  a  back-type  pack.  This  model  was  later 
altered  to  a  24-ft-Jiameter  canopy  in  a  seat-type 
pack. 

Considerable  effort  was  expended  on  the  develop¬ 
ment  of  the  free  parachute;  on  28  April  1919,  after  a 
number  of  successful  dummy  tests,  the  new  parachute 
was  life-tested  by  jumping  from  an  altitude  of  1500  ft. 
Other  tests  followed,  and  the  free  parachute  was 
accepted. 

Testing  of  this  parachute  type,  and  further  experi¬ 
mentation  with  other  types,  continued  in  this  country 
and  abroad.  The  first  parachute  which  was  standard¬ 
ized  by  the  B.  S.  Army  Air  Corps,  after  considerable 
development  effort  and  experimental  testing,  was  of 
the  seat  type,  for  use  by  pilots  and  crew  members. 
It  consisted  of  a  pack  containing  a  flat  circular  solid- 
cloth  canopy,  24  ft  in  diameter,  incorporating  a  three- 
point  harness  release.  It  was  given  the  designation 
S-l ,  and  became  standard  in  1926.  One  year  later, 
a  second  seat-type  parachute  was  standardized  under 
the  designation  S-2.  It  retained  all  the  features  of 
the  S-l  parachute,  except  that  it  used  a  flat  circular 
solid-cloth  canopy  28  ft  in  diameter,  to  insure  the 
snfe  descent  of  somewhat  heavier  crew  members. 
By  this  time,  several  other  applications  for  the  para¬ 
chute,  aside  from  insuring  the  safe  escape  of  crew 
members,  became  apparent,  and  parachutes  for  such 
specific  applications  as  premeditated  escape  (para¬ 
troops)  and  air  drop  of  supplies  had  to  be  developed. 

Major  Hoffman,  who  was  in  charge  of  the  Parachute 
Bnit  at  Wilbur  Wright  Field,  Dayton,  Ohio,  started 
the  development  of  a  radically  new  type  of  parachute 
canopy,  the  triangular  type,  in  1929.  In  1932,  the 
triangular  canopy  was  standardized  and  adapted  to 
a  seat-type  parachute  ($-3).  It  also  found  applbation 
in  the  first  training  parachute  (C-l),  which  was  a 
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combination  of  seal  and  back  type,  and  in  the  first 
quick-attachable  cheat  parachute  (4-1)  for  insuring 
the  maneuverability  of  gunners,  obnervera,  and  pho¬ 
tographers  within  aircraft. 

Paratroops.  Undoubtedly  the  largeat  impetua  given 
the  further  development  of  the  parachute  wua  the  con¬ 
cept  of  “Vertical  Fuvolopment.”  The  paratroop  train¬ 
ing  program  in  the  United  Staten  wua  launched,  un¬ 
officially,  aa  far  back  aa  the  fall  of  1928.  At  the 
inatigation  of  General  Mitchell, six  armed  parachutiata 
jumped  from  a  Martin  bomber  over  Kelly  Field,  Texan. 
This  demonstration,  however,  wua  regarded  na  merely 
another  stunt.  Although  limited  experimentation  con¬ 
tinued,  it  was  not  until  the  spring  of  1940  that  the 
United  Staten  established  an  official  paratroop  train¬ 
ing  program  at  Ft.  Kenning,  Georgia.  The  first  troop- 
type  parachute  (T-l)  consisted  of  two  ripcord-opened 
packs  attached  permanently  to  a  single  humeas  with 
two  sets  of  risers;  a  back  pack  containing  a  28-ft 
flat  circular  solid-cloth  canopy;  and  a  chest  pack 
containing  a  22-ft  flat  circular  canopy.  During  subse¬ 
quent  modifications,  harness  webbirg  of  a  lighter 
weight  was  substituted  IT-3),  and  initiation  of  de¬ 
ployment  was  changed  from  ripcord  actuation  to  static¬ 
line  actuation  (T-4). 

Probably  one  of  the  most  important  improvements 
in  the  efficient  utilization  of  the  parachute  at  that 
time  was  made  by  the  introduction  of  the  quick -release 
harness.  The  quick-release  mechanism  was  patented 
in  1929  in  Great  Hritain,  and  manufactured  in  the 
United  States  by  the  Irving  Air  Chute  Co.,  Buffalo, 
N.Y.  In  1944,  the  quick-release  device  became  stand¬ 
ard  equipment  in  the  U.  S.  Army  Air  Corps,  and  was 
incorporated  in  the  seat-type  parachute  (S-5),  thr 
troop-type  parachute  (T-7).  the  chest-type  parachute 
(4-4).  and  the  back-type  parachute  (H-9). 

Abroad,  actual  establishment  of  paratroop  units 
and  their  training  was  initiated  somewhat  earlier  than 
in  the  United  States.  France,  for  example,  organized 
its  first  battalion  of  air  troops  in  1938,  but  abandoned 
the  idea  in  1939.  Roth  Russia  and  Germany  were 
training  paratroopers  long  before  this  time.  The  first 
recorded  jump,  made  by  the  national  hero  Gromov, 
occurred  in  Russia  in  1927,  and  at  her  Sports  Festival 
in  1930,  Russia  demonstrated  the  concept  of  “Vertical 
Invasion”  by  having  armed  men  jump  from  an  airplane 
by  parachute  to  occupy  the  “headquarters  of  an  en¬ 
emy.”  Germany’s  paratroop  program  was  under  way 
as  early  ns  1935,  and  further  experiments  were  launch¬ 
ed  that  led  to  the  exploitation  of  parachutes  for  other 
than  personnel  applications. 

Air  Drop.  Parallel  with  the  development  of  para¬ 
chutes  for  personnel  applications,  in  particular  to 
develop  fully  the  concept  of  “Vertical  Invasion,” 


went  tlte  development  of  purachutf  s  for  the  air  drop¬ 
ping  of  mil't  'ry  equipment.  Although  the  air  dropping 
of  food,  medicine,  mail,  and  other  essentials  by  means 
of  parachutes  over  areas  inaccessible  to  ordinary 
means  of  transportation  was  practiced  in  both  Russia 
and  the  United  States  during  the  lute  1920’s  and  early 
|930’s,  it  was  not  until  shortly  before  the  start  of 
World  War  II  that  concerted  attempts  were  made  in 
the  United  States  to  air-drop  military  equipment  of 
significant  weight.  Naturally,  in  order  to  deliver  these 
heavier  loads  successfully,  either  larger  parachute 
canopies  or  thr  use  of  canopies  in  clusters  had  to 
b<  developed. 

Thr  first  successful  test  in  which  parachute  cano¬ 
pies  were  used  in  clustered  configurations  was  ac¬ 
complished  in  1941  at  Ft.  Bragg,  North  Carolina.  A 
mountain  gun  weighing  840  lb  was  delivered  by  means 
of  three  silk  parachutes  22  ft  in  diameter,  and  follow¬ 
ing  this  a  75mm  howitzer,  separated  into  two  bundles 
of  840  lb  and  670  lb,  was  air  dropped  by  meons  of 
clustered  parachutes.  By  1943.  an  eutire  series  of 
cargo  parachutes  was  standardized,  starting  with  a 
24-ft-diameter  rayon  canopy  (G-l)  for  the  air  drop  of 
supplies.  Parachute  canopies  with  diameters  of  28  ft 
and  48  ft  followed,  and  canopies  with  diameters  up 
to  100  ft  (G-ll)  are  today  in  standard  use. 

Materials.  For  many  years  silk  had  been  the  favored 
material  for  the  fabrication  of  parachutes.  However, 
us  early  as  1940,  experiments  were  made  with  man¬ 
made  fibers  as  a  substitute  for  silk.  A  large  Dumber 
of  ranopies,  particularly  cargo  types,  were  fabricated 
of  rayon.  Nylon  first  perfected  in  1938  soon  came  into 
its  own,  and  has  found  extensive  use  in  the  manu¬ 
facture  of  parachutes.  By  1940,  an  extensive  testiug 
program  with  nylon  canopies  had  been  instituted,  and 
by  the  end  of  1943,  nylon  canopies  were  in  wide  use. 

The  Scientific  Approach.  It  must  be  noted  that,  in 
general,  steps  taken  up  to  about  1940  toward  the  de¬ 
velopment  of  parachutes  were  rather  crude  and  arbi¬ 
trary.  The  cut-and-try  method  was  the  most  widely 
utilized,  and  the  only  prerequisites  for  parachute 
design  and  construction  appeared  to  be  a  knowledge 
of  the  tailor’s  trade.  It  was  not  until  the  beginning  of 
World  War  If  that  sufficient  emphasis  was  placed  upon 
the  “science”  of  parachute  design  and  performance 
prediction.  The  Germans  and  the  British  must  be 
given  credit  ns  the  first  to  appreciate  the  need  for, 
and  actually  embark  upon,  scientific  investigations 
to  determine  the  more  fundamental  aspects  of  para¬ 
chute  design  and  operation.  Most  of  the  major  devel¬ 
opments  in  parachutes  to  satisfy  the  diversity  of 
applications  have  occurred  during  and  since  the  days 
of  World  War  II. 

The  primary  center  for  parachute  research  and  de- 
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vrlopmeat  in  Germany  wan  the  Heaearcb  Inatitute 
“Graf  Zeppelin”  near  Stuttgart.  Here,  under  the  di¬ 
rection  of  Professor  Dr.  f#.  Madelung,  Mr.  Theodore 
knackr,  and  Dr.  Helmut  G.  Heinrich,  significant  ad¬ 
vancement*  in  parachute  technology  were  accom- 
pliahed.  A*  a  reault  of  increaaing  requirement*  for 
parachute*  to  decelerate  and  stabilize  bomba,  mine*, 
torpedoea,  miaaile  component*,  etc.,  and  to  decel¬ 
erate  aircraft  and  glidera  daring  the  landing  phnnea, 
two  radically  different  typea  of  parachute  cunopiea 
were  evolved  at  thia  inatitute:  the  ribbon  canopy 
(Dr.  Madelung,  Mr.  knacke)  and  the  guide-surface; 
canopy  (Dr.  Heinrich).  Both  typea  were  developed  to 
a  high  degyee  of  excellence  after  couaiderable  theo¬ 
retical  study  and  experimental  effort. 

The  ribbon  parachute  found  it*  first  operational 
application  for  in-flight  and  landing  deceleration  of 
manned  glidera.  The  capture  of  Fort  Eben-Fmael, 
Belgium,  in  1940  by  German  paratroops  and  glider 
units  demonstrated  the  effectiveness  of  the  ribbon 
parachute  as  aa  aircraft  decelerator  and  a*  a  device 
to  assist  landing.  In  farther  modification*  of  the  rib¬ 
bon  canopy,  reefing  systema  were  developed  and 
added,  and  the  parachute  was  employed  not  only  to 
decelerate  gliders,  conventional  aircraft,  and  later 
the  first  jet  aircraft  (such  a*  the  Arado  234  (1945), 
and  the  Meaae-^chmitt  163  and  262),  but  alao  to  de¬ 
celerate  mine*  and  deliver  military  supplies  safely 
from  high-  or  low-flying  aircraft  with  pinpoint  ac¬ 
curacy.  Indeed,  the  Natter  (1944-45)  was  developed 
as  an  ioterceptor  without  landing  gear,  which  was 
launched  vertically.  After  completion  of  a  mission, 
the  pilot  would  fly  to  safe  territory,  where  be  actuated 
a  mechanism  that  separated  the  aircraft  into  major 
subassemblies  and  deployed  parachuteo  for  the  safe 
descent  of  both  pilot  and  subassemblies. 

The  guide-surface  paracbate  wa*  first  employed 
operationally  for  the  trajectory  control  of  bombs  be¬ 
cause  of  its  excellent  stability  characteristics.  First 
attempts  to  recover  guided  missiles  or  missile  com¬ 
ponents  (V-l  and  V-2)  were  successfully  accomplished 
in  1944  utilizing  ribbon  parachute  canopies.  These 
were  also  employed  successfully  for  the  stabilization 
and  deceleration  of  the  first  ejection  seat  in  early 
1945.  In  addition,  extensive  theoretical  efforts  were 
carried  on  to  analyze  the  operation  of  parachute  cano¬ 
pies  and  to  obtain  fundamental  knowledge  about  the 
aerodynamic  characteristics  of  parachute  canopies. 

Research  and  development  efforts  also  continued 
in  the  United  Staten  during  the  war  yearn;  however, 
a  sizeable  increase  in  the  scope  and  extent  of  the 
overall  program  was  not  realized  until  after  the  war. 

Recent  Hiatory.  The  advancement  of  nnpernonic 
operations  of  military  equipment,  and  the  emphasis 


on  the  development  of  ballistic  missiles,  brought 
about  the  requirement  for  aa  accelerated  research 
and  development  program  for  parachutes  and  other 
deployable  aerodynamic  decelerators,  and  consequent 
further  advancements  in  the  state  of  the  art.  The  pri¬ 
mary  center  for  research  and  development  in  the  area 
of  parachute  technology  has  been  and  still  is  at 
Wright  Field. 

Under  the  direction  and  guidance  of  Capt.  R. 
Bernes  (1940-1951),  Maj.  W.  McComb  (1951),  Maj. 
R.  Wheeler  (1953),  and  Mr.  Warren  P.  Shepardsoo 
(1952  and  since  1955),  the  Parachute  Branch  at 
Wright  Field  ha*  conducted  or  sponsored  a  consider¬ 
able  number  of  project*  designed  to  develop  oper¬ 
ational  parachute  systema  for  a  variety  of  applica¬ 
tion*,  ranging  from  premeditated  or  emergency  escape 
of  aircraft  crew  members  to  the  delivery  of  military 
equipment  and  weapons,  snd  including  the  in-flight 
and  landing  deceleration  of  jet  aircraft  and  the  recov¬ 
ery  of  drone*  and  miaaile  components.  In  addition, 
applied  research  ha*  been  emphasized  to  increase 
fundamental  knowledge  in  the  field  of  aerodynamic 
deceleration. 

In  the  course  of  thin  extensive  program,  the  first 
aircraft-deceleration  parachute  system  for  bomber 
aircraft  (B-47)  utilizing  a  ribbon  canopy,  waa  devel¬ 
oped  and  standardized  in  1949.  Subsequently,  all 
operational  jet  combat  aircraft  in  the  U.  S.  Air  Force 
were  equipped  with  parachute  in-flight  or  landing 
deceleration  systems,  or  both.  The  first  live  ejection- 
seat  test  was  made  late  in  1945,  recovering  the  sub¬ 
ject  successfully  by  parachute.  The  ring-slot  canopy 
was  developed  during  1949  and  1950,  and  replaced 
the  ribbon  canopy  in  some  applications. 

In  the  area  of  parachute  systema  for  premeditated 
and  emergency  escape,  important  advancements  were 
also  realized.  A  new  personnel  parachute  canopy 
became  available  in  the  extended-skirt  type,  which 
was  standardized  for  para  troop  use  in  1952  under  the 
designation  T-10.  In  search  of  a  parachute  canopy 
which  wuuld  develop  a  lower  opening  shock  and  be 
highly  stable,  the  personnel  guide-snrface  canopy, 
conceived  by  Dr.  H.  G.  Heinrich,  was  developed  dur¬ 
ing  the  middle  1950’s  as  a  personnel  parachute  cano¬ 
py  for  aircraft  crew  members. 

Probably  the  most  important  single  device  which 
was  incorporated  into  the  personnel  paracbate  is  the 
automatic  ripcord  release  device.  As  early  as  1938, 
the  Doroain  brothers  in  Russia  introduced  an  auto¬ 
matic  parachute  incorporating  a  device  for  opening 
the  parachute  pack  mechanically  rather  than  by  means 
of  a  ripcord.  Personnel  parachutes  incorporating  auto¬ 
matic  ripcord  releases  were  introduced  in  the  United 
States  during  the  early  1950*s,  although  considerable 
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tenting  with  experimental  devices  had  been  accomp- 
liahed  earlier. 

An  the  altitade  ceiling  of  aircraft  increaaed,  new 
concepts  of  emergency  eacape  for  crew  members  had 
to  be  explored.  The  Raaaian  parachatiai  Kharhohonov 
demoaatrated  in  Aagnat  1940  that  emergency  eacape 
from  high  altitudes  ia  poaaible,  by  jumping  from  an 
aircraft  flying  at  an  altitade  of  40.813  ft.  In  the 
United  States,  Arthar  II.  Staraea  made  a  high  altitade 
jump  in  the  aammer  of  1942  from  30,800  ft,  followed 
by  14.  Col.  Randolph  Lovelace  who,  in  1943,  de¬ 
scended  aafely  from  an  altitade  of  40,200  ft.  Previous 
high  -altitade  parachuting  records  were  broken  when 
U.  S.  Air  Force  Captains  Maxzn  and  Wheeler  jumped 
from  altitadea  of  42,176  ft.  and  42,048  ft.,  respect¬ 
ively.  The  caracal  record  ia  held  by  II.  S.  Air  Force 
Capt.  J.  Kittiager  who,  ia  1960,  descended  from 
an  open  balloon  gondola  floating  at  an  altitade  of 
97,200  ft.  Initially  free-falling,  and  stabilized  by  a 
smaller  parachute,  hie  main  parachate  opened  auto¬ 
matically  at  approximately  15,000  ft  altitade  and 
provided  for  a  safe  descent. 

Concurrent  with  these  advances  ia  parachatea  for 
cmergeacy-eacape  applicatioaa,  the  development  of 
parachutes  for  the  air  drop  of  very  heavy  military 
equipment,  the  recovery  of  target  drones,  aad  the 
initial  deceleration  aad  stabilization  of  flight  vehicles 
from  transonic  aad  aapersoaic  velocities  was  vigor¬ 
ously  punned. 

The  clustering  of  parachate  canopies  of  all  sizes 
aad  nearly  all  types  became  standard  operational 
procedure,  primarily  for  final-stage  recovery  appli¬ 
cations  of  heavy  shipment  or  vehicles.  Major  empha¬ 
sis,  however,  was  placed  upon  efforts  to  extend  the 
operational  capabilities  of  textile  parachate  canopies 
into  the  hi^er  aapersoaic  aad  high  dynamic-pressure 
fli^it  regimes,  where  parachate  canopies  of  relatively 
small  size  are  required  initially  to  decelerate  aad 
then  to  stabilise  flight  vehicles  to  a  velocity  and 
altitade  where  the  safe  deployment  of  larger  recove  ry- 
parachates  can  be  accomplished.  As  a  result  of  con¬ 
tinuing  state-of-the-art  advances,  a  ribbon  canopy  was 
successfully  utilized  ia  1957  to  recover  the  first 
ballistic  missile  nose  cone  after  having  re-entered 
the  earth’s  atmosphere.  Space  travel  had  become  a 
reality  aad  the  potential  for  the  application  of  para¬ 
chate  canopies  suddenly  seemed  unlimited. 

Outlook.  Ia  considering  the  types  of  applications 
for  deployable  aerodynamic  deceleratore,  specific 
boundaries  of  the  regime  concerned  with  Mach  number 
aad  altitade  for  potential  drag-device  operations  can 
be  drawn.  The  resalting  operational  flight  spectrum 
can  then  be  farther  divided  (Fig.  6)  to  define  the 
operational  functions  which  may  be  required  of  the 
aerodynamic  decelerator. 


The  major  area  of  textile  parachate  applications, 
naturally,  is  the  sabsoaic-speed,  low -altitade  regime 
in  which  recovery  or  terminal  deceleration  operations 
of  flight  vehicles  are  initiated  aad  accomplished,  la 
general,  it  can  be  unnamed  that  reliable  self-inflation 
of  textile  parachate  canopies  can  be  achieved  under 
dynamic  pressure  conditions  greater  than  1  lb  per  sq 
ft.  At  dynamic  pressures  below  this  value,  utilization 
of  inflation  aids  should  be  considered.  The  second 
broad  area  of  textile-parachate  application  is  the 
supersonic  flight  regime.  It  is  boanded  by  a  constant 
dynamic  pressure  line  of  1  lb  per  sq  ft  (below  which 
reliable  self-inflation  of  flexible  drag  devices  cannot 
be  expected,  and  pressure  -inflated  or  rigid  aerody- 
uamic-deceleratioa  devices  may  be  required);  by  a 
line  above  which  disassociation  effects  become  no¬ 
ticeable;  and  by  a  line  of  constant  dynamic  pressure 
of  10,000  lb  per  sq  ft,  above  which  the  structural 
problems  associated  with  flexible  drag-devices  may 
become  insurmountable.  A  stagnation  temperature 
line  of  1000  F  is  shown  in  Fig.  6,  which  may  be  the 
limit  for  the  use  of  carreatly  known  organic  fibers 
such  as  HT-1,  so  far  as  the  effects  of  aerodynamic 
heating  are  concerned. 

With  the  initiation  of  space  travel,  however,  there 
has  been  a  broadening  of  perspectives,  aad  the  reali¬ 
zation  that  the  utilisation  of  textile  self -inflating 
parachatea  was  not  quite  so  limitless  as  it  first  ap¬ 
peared.  Oat  of  thin  realization,  an  entirely  new  tech¬ 
nical  field  was  bon,  that  of  aerodynamic  decelerator 
technology.  The  third  area  of  aerodynamic  decel¬ 
erator  application,  lies  in  the  hypersonic  speed,  low 
dynamic-pressure  regime,  iu  which  aagaeatiag  drag- 
devices  may  be  effectively  utilized  to  minimise  and 
limit  aerodynamic  heating  and  deceleration  values 
on  re-entering  vehicles,  as  well  as  to  control  the  final 
vehicle  landing  point.  Since  these  devices  will  be 
reqnired  to  operate  at  relatively  low  dynamic  pres¬ 
sure,  they  mast  be  either  pressure-inflated  or  mechan¬ 
ically  inflated.  This  flight  regime,  for  the  purpose  of 
defining  aerodynamic  decelerator  operations,  is  bound¬ 
ed  by  a  line  of  equilibrium  temperature  (2000  F), 
above  which  materials  selection  are  a  severe  problem, 
and  by  a  line  of  constant  dynamic  pressure,  10  lb  per 
sq  ft,  below  which  trajectory  control  by  means  of 
aerodynamic  drag  variation  becomes  generally  in¬ 
effective,  although  some  re-entry  trajectory  control 
mny  be  achieved  at  lower  dynamic  pressures  under 
certain  coaditioaa. 

New  concepts,  new  techniques,  aad  entirely  new 
shapes  of  aerodynamic  deceleraton  are  coming  into 
being.  Different  problems  are  awaiting  their  solution. 
However,  research  in  the  specialised  field  of  para¬ 
chute  technology  must  continue,  to  increase  the  drag 
efficiency  and  operational  reliability,  and  to  further 
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thr  understanding  of  the  Aerodynamic  and  operational 
characteristics  of  the  moat  efficient  aerodynamic 
decelerutor  presently  known:  the  conventional  textile 
parachute  canopy.  To  thia  end,  the  cooperative  efforts 
of  both  government  agencies  and  industry  are  required. 


'('he  information  and  technical  data  preaented  in 
the  following  chapters  represent  the  present  state  of 
the  art  of  parachute  technology.  This  information  will 
be  revised  aa  new  knowledge  becomes  available 
through  testa  and  experience. 
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CHAPTER  1 

STANDARD  SYMBOLS  AND  GLOSSARY  OF 
DEPLOYABLE  AERODYNAMIC  DECELERATOR  TERMS 


SEC.  1  LIST  OF  SYMBOLS 

The  symbols  listed  below  are  a  compilation  of  all  standard  symbols  utilized  throughout  this  report.  This  listing 
does  not  include  some  of  the  symbols  which  are  defined  as  they  are  used  in  the  text. 


1.  ]  Primary  Concepts 


a 

max  r 
a 

H 

fiHR 

HRR 

HVl 

nVR 

b 


C 


c 


■!) 


o(eff) 


C[)A 


{CDS)R 

CL 


9  2 

Area,  general  (other  than  reference  area  of  the  aerodynamic  decelerator)  (ft*  or  in.  ) 
Acceleration  (ft  per  aec^) 

Speed  of  sound  in  air  (knots  or  ft/nec) 

Arc  which  defines  the  gore  width  of  a  shaped-gore  canopy  (=-  2  rrr/n)  (ft  or  in.) 

Hegion  where  additional  local  widening  of  the  gore  produces  a  lobe  at  the  periphery 
Constant,  used  in  obtaining  an  approximate  weight  value  for  a  parachute  canopy 
Number  of  blades  in  a  rotary-type  aerodynamic  decelerator 
Horizontal  ribbon  width  (in.) 

Hadiat  ribbon  width  (in.) 

Vent  line  width  (in.) 

Vertical  ribbon  width  (in.) 

Constant,  used  in  obtaining  an  approximate  weight  value  for  a  parachute  canopy 
effective  porosity  (ratio  of  outflow  velocity  to  inflow  velocity  through  a  porous  fabric  canopy) 
Factor  related  to  suspension  line  convergence  angle 
Drag  coefficient,  general 

Drag  coefficient  related  to  the  surface  area,  S  (equivalent  to  Ct  .*  a  »  0) 

°  '  n 

effective  drag  coefficient  related  to  the  surface  area,  S„  (a  function  of  the  angle  of  attack) 

Drag  coefficient  related  to  the  projected  (inflated)  surface  area,  S  (equivalent  to  C-r  at  a  *  0) 

2  P 
Drag  area  of  a  body,  general  (ft*) 

Drag  area  of  the  aerodynamic  decelerator,  based  on  either  total  surface  (nominal)  or  projected 
(inflated)  area  (ft^) 

a 

Drag  area  of  a  reefed  canopy  (ft) 

Lift  coefficient,  general 
Moment  coefficient,  general 
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Pressure  coeffii  iriil,  nr ni I 
Normal  force  coeffii  irnl.  general 
Tangent  fon  ••  coefficient.  general 
Drug  (III)  or  Diiinirlrr  (fl),  grnrral 
Diiiiiirtrr,  i  oiislriii  Ini  (ft) 

Nominiil  iliiiinrtrr  of  I  hr  aerodynamic  decrlr  rotor  S'  n  ( fl ) 

Diiinirlrr  of  llir  nr  roily  n  mini  ilrirlrriilor  (ritlirr  noininiil  or  projected,  ns  ii|>|i  I  i  <-  itlil  r )  (ft) 
Projected  or  influlril  iliiiinrtrr  of  llir  aerodynamic  ilri  rlrriilor  (fl) 

Skirl  ili.iinrtrr  of  rrrfnl  canopy  ifl) 

Diiinir'rr  of  rrrfing  linr  of  fully  infl.ilnl  <  ann|iv  (ri|uivulr lit  lo  />*•)  (ft) 

(.iiiiopv  .skirl  iliiimr Irr  ( ft) 

Diiinirlrr  of  primary  body  (ft) 

\  rut  ilinmrtrr  (fl) 

i) 

MoiIuIuh  of  elasticity  of  runo|>y  mnlrriul  (ll>  per  in.“) 
kin rlir  rnrrgy  (ft  III) 

factor  rrlnlnl  lo  strength  loss  liv  abrasion 
Duse  width  of  gore  (in.) 

(•ore  width  ul  vent  (in.) 

(iore  width  ut  the  skirt  of  the  extrusion  (in.) 

Total  retarding  force  (lb) 

Airrruft  retarding  force  inimrdiutrly  before  brakes  ure  applird  (lb) 

Aircraft  returding  force  ininiedintely  after  brukru  arc  applied  (lb) 

(Constant  retarding  force  (lb) 

Aircraft  frictional  force  (lb) 

Maximum  opening  force  (lb) 

Line  snatch  force  (lb) 

frequency  of  the  periodic  motion  of  the  aerodynamic  decelerator  (sec*  ) 

Acceleration  due  to  gravity  (ft  per  see”)  (32.2  at  seu  Irvrl) 

Height  or  altitude  (ft) 

Actuul  constructed  height  of  gore  (in.) 

Height  of  gore  extension  measured  ulong  centerline  (in.) 

Height  of  gore  (in.) 

Mass  moment  of  inertia  (slug-ft“) 


lfi 


i 


*o 

K 

k 


L 


h 

*‘R 


l 

M 

V 


N,  n 
N 


nHR 

nVL 

O 

P 

r 

l‘r 

h 

p 

<7 

% 

«e 

rn 


rb 

s 


Specific  impulse  (lb  per  ui:  per  unit) 

Safety  factor 

factor  related  to  orifice  efficiency  of  inflatable  bugs 
Knudaen  number 

factor  related  to  strength  Iona  by  fatigue 
Lift  force  (lb) 

free  length  of  pocket  band  (in.) 

Length  of  intercept  in  the  akirt  (pocket  band)  (in.) 

Length  of  gore  (in.) 

Length  of  reefing  line  (ft  or  in.) 

Length  of  auapenaion  linen  (ft  or  in.) 

Distance,  general  (ft  or  in.) 

Mach  number 
Moment  (ft  lb) 

Maas,  general  (aluga) 

Number  of  gorea  (used  interchangeably) 

Normal  force  (lb) 

Number  of  horizontal  ribbons 
Number  of  vent  lines 

factor  related  to  strength  loss  in  material  from  water  and  water  vapor  absorption 
Pressure,  general  (lb  per  in.  or  lb  per  lt‘) 

Tractive  force,  general  (lb) 

Prandtl  number 

Required  hovering  power  (horsepower) 

n  n 

Static  pressure  (lb  per  in.  or  lb  per  ft*) 

9  9 

Dynamic  pressure  (>»  0.5  p  v*)  (lb  per  ft*) 

Impact  pressure  corresponding  to  the  velocity  at  snatch  force  (Ik  per  ft*) 

Reynolds  number 

Nose  radius  of  primary  body  (ft) 

Distance  between  adjacent  horizontal  ribbons  (in.) 

Radius,  general  (ft) 

Hulge  radius  (in.) 

Reference  area,  general  (ft*  or  in.*) 
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Stress  in  cunopy  cloth 

Area  covered  by  horizontal  ribbona  (in.^) 

Aircraft  I  muling  roll  diatance  (ft) 

Surface  area  of  aerodynamic  deceleralor  (ft“  or  in.  ) 

ty  n 

Characteristic  canopy  area  (ft*  or  in.  ) 

Projected  (inflated)  areu  of  aerodynamic  deceleralor  (ft^  or  in.^) 

2 

Inatantaneoua  projected  canopy  area  (ft*) 

2 

Area  of  reinforcing  bands  (in.  ) 

Area  covered  by  rudiul  ribbona  (in.  ) 

2 

Area  covered  by  vertical  tapes  (in.  ) 

'I'otal  slot  urea  of  Ringslot  canopy  (ft^) 

Vent  area  of  canopy  (ft1*  or  in.  ) 

'I'emperature,  general  (°F  or°H) 

Tangential  force  (lb) 

Time,  general  (sec) 

Filling  time  of  aerodynamic  deceleralor  (sec) 

Strength  loss  factor  at  the  connection  point  of  the  suapenaioa  line  and  the  drag-producing  surface 
or  riser 

1  *1 

Volume,  general  (ft  or  in.  ) 

Velocity,  general  (knots  or  ft  per  sec) 

Deployment  velocity  (knots  or  ft  per  sec) 

Kquilibrium  velocity  (ft  per  sec) 

Kquilibrium  velocity  ut  sea  level  density  (ft  per  nee) 

Launch  velocity  (knots  or  ft  per  sec) 

Velocity  at  suspension  line  stretch  (knots  or  ft  per  sec) 

Terminal  velocity  (ft  per  sec) 

Vertical  descent  velocity  (ft  per  sec) 

Weight,  general  (lb) 

Opening-shock  factor  denoting  the  relationship  between  maximum  opening  force  and  constant  drag 
force  («  Fa/Fc) 

Ordinate  along  X-axis 

Ordinate  along  K-uxis 

Ordinate  along  X-axis 


/ 

It 

/* 

Y 

>'*• 

A 

5 

( 

A 

\> 

r 

V 

f 

I' 

I'o 

n 

il 

III 

0 

</> 

1.2 

a 

at’ 

AW 

h 


il 

I) 


NuIIiIuT  (if  HllsprUsioll  I  111  CM 
Angle  of  ii 1 1  it i  k  (deg) 

(lore  vertex  angle  (deg) 

Itatio  of  Hpeeific  lie nl m 

Suspension  line  eoiifluelice  angle  (deg) 

Small  increment  (not  lined  alone) 

It nt io  of  canopy  skirt  diameters 
Kmissivitv  of  material 
Wavelength 

(ieometrie  canopy  porosity  (percent) 

Mechanical  porosity  (permeability  of  fabric) 

Total  canopy  porosity  (percent) 

Coefficient  of  friction 
efficiency  factor 

Klongation  of  saspension  lines  (percent) 
kinematic  viscosity  ( ft “  sec) 

Polygon  shape  factor 

Density  of  air  at  given  altitude  (slugs  per  ft'*) 

Density  of  air  at  seu  level  (0.002:)8  slugs  per  ft^) 

Density  rutio  (t.  p  pg) 

Rotational  speed  of  rotating  aerodynamic  decelerator  (radians  per  sec) 
Angulur  velocity  (radians  per  sec) 

Trujectorv  inclination  angle  (deg) 

Aspect  angle  (deg) 

Secondary  Concepts  (Used  us  subscripts  and  secondary  subscripts) 

Added;  additional;  absolute;  actual;  apparent 

Average 

Adiabatic  wall 

llody;  bulge 

Canopy;  critical;  constant;  constructed;  uninflated 

Deployment 

Drug 

equilibrium;  exit;  earth 
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f 

K 

h 


i 

I. 

m 

M 

V 

o 

p 

R 


sq 

Si 

t 

T 

th 

v 

w 

X 

y 

z 


Filling;  fabric;  friction 
(icomrtric;  gore 
llori/ontal;  hoop;  hovering 

Inlet;  instantaneous;  included;  arbitrary;  initial 

Load;  local 

Material;  mass 

Moment 

Nonnal 

Opening;  reference  condition;  non  inal 
I’rojected;  pressure;  parachute 
Hiser;  radius;  reefing 
lleaultant;  radial 

Skirt;  anatch;  auapenaion  linea;  static 

Squidding 

Sea  level 

Tangential;  total 

Total 

Theoretical 
Vertical;  vent 
Vail;  wind;  wake;  weight 
T-direction 
V -direction 
Z-direction 
Free  stream 
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SEC.  2  GLOSSARY  OF  AERODYNAMIC 
DECELERATOR  TERMS 

Accordion  Folding.  See  folding,  accordion. 

Adaptor,  Hornets  Strap.  A  rectangular  metal  fit¬ 
ting  with  t  croaibar.  It  in  incorporated  in  a  parachute 
harness  to  permit  proper  adjustment  of  webbing. 

Adaptor,  Harness,  Quick-Fit.  An  adapter  with  the 
fixed  crossbar  replaced  by  a  floating  friction  grip.  The 
adapter  is  incorporated  in  a  harness  web  to  permit 
quick  adjustment. 

Air  Bogs.  Flexible,  gas-filled  bags  that  are  inflat¬ 
ed  daring  load  descent  and  valued  to  release  their 
pressure  upon  ground  contact  to  absorb  impact  forces. 

Air  Drop.  A  method  of  air  movement  wherein  per¬ 
sonnel,  supplies,  and  equipment  are  unloaded  from 
aircraft  in  flight. 

Anchor  Coble.  A  cable  ia  an  aircraft  to  which  the 
parachute  static  liae  or  straps  are  attached. 

Apex.  The  center  and  topmost  point  of  a  parachute 
canopy. 

Awl.  A  small,  sharp-pointed  tool  used  to  make 
holes  in  heavy  fabric  or  webbings  for  hand  sewing. 

Backstitch.  Used  to  anchor  a  row  of  stitching  by 
turning  material  sad  sewing  back  over  original  stitch¬ 
ing  s  short  distance. 

Bockstrop.  A  part  of  the  harness  that  extends 
across  the  small  of  the  wearer’s  back,  ft  may  or  may 
not  be  adjustable. 

Bog,  Deployment.  A  container,  asunily  of 
fabric,  in  which  a  parachute  canopy  is  stowed  for 
deployment.  There  may  or  may  not  be  provision  for 
stowing  snspeasioa  lines  os  the  bag.  Usually,  either 
a  static  line  or  pilot  chute  lifts  the  deployment  bag 
away  or  extracts  it  from  a  parachute  pack  or  storage 
container.  Normally,  with  this  system  the  suspension 
lines  are  extended  before  the  drag  producing  surface 
emerges  from  the  deployment  bag. 

Band,  Lower  Lateral.  A  webbing  bund  inserted  is 
the  skirt  hem  of  the  drag-producing  surface  to  reinforce 
the  skirt. 

Band,  Upper  Lateral.  A  webbing  band  inserted  ia 
the  vent  hem  of  the  drag-producing  surface  to  reinforce 
the  vent. 

Band,  Pocket.  A  piece  of  tape  or  line  attached  at 
the  outside  of  the  skirt,  across  radial  seams,  ia  a 
manner  that  causes  the  gores  to  be  pulled  outward  at 
inflation,  thus  improving  the  opening  characteristics 
of  the  canopy. 

Band,  Reinforcement.  Reinforcing  tape,  webbing, 
or  ribbon,  inserted  in  varied  positions  to  reinforce 
weak  points  of  construction  or  design  in  a  drag-pro¬ 
ducing  surface. 

Bond,  Retainer.  A  rubber  band  used  to  bold  fold¬ 
ed  suspension  lines  or  static  lines  to  deployment 
bags  or  parachute  packs. 


Bar,  Packing.  A  long,  flat  bar  of  metal,  plastic  or 
wood,  used  to  fold  the  canopy  of  a  parachute  during 
the  packing  process,  and  to  aid  in  closing  the  pack. 

Bartack.  A  concentrated  series  of  xigxag-like 
stitches  used  to  reinforce  points  of  stress. 

Basting.  Temporary  stitching,  usually  with  long, 
loose  stitches. 

Boaswax.  A  wax  used  with  paraffin  to  prevent 
fraying  of  webbing. 

Bond  Tost.  A  prescribed  method  of  subjecting  rip¬ 
cord  pins  to  s  certain  weight-pull  in  order  to  determine 
hardness  and  ductility. 

Bios.  A  cut  or  seam  running  obliquely  across  the 
threads  of  a  fabric. 

Binding.  A  piece  of  tape  or  fabric  folded  over  and 
stitched  to  a  raw  edge  of  the  fabric  to  prevent  raveling 
or  fraying. 

Blonkatlng.  A  result,  caused  by  the  relative  air 
flow  over  a  load  or  body,  which  opposes  the  intended 
action  of  a  pilot  chute  or  parachute  canopy  by  reversal 
of  flow  and  turbulence. 

Block  5a am.  Any  seam  which  runs  parallel  to  the 
warp  or  filling  threads  of  material  used  in  canopy  con¬ 
struction. 

Board,  Tension.  A  device  that  is  usnally  hooked 
to  the  parachute  connector  links  to  place  tension  on 
the  canopy  during  inspection  sad  packing. 

Bobbin.  A  small,  metal  spool  used  to  hold  thread, 
So  in  a  sewing  machine. 

Bodkin.  A  large  -eyed  needle,  fist  or  round,  and 
usually  blunt,  used  to  draw  tape,  ribbon,  elastic,  or 
cord  through  a  loop  or  hem. 

Bolt.  A  compact  package  or  roll  of  fabric  of  any 
ataadard  width,  naed  in  the  United  States  as  the  des¬ 
ignation  for  a  length  of  40  yards  of  material. 

Bottom,  False.  A  piece  of  pack  fabric  stitched  to 
the  inside  of  a  pack  far  the  purpose  of  retaining  the 
pack  frame;  it  also  may  serve  as  s  base  for  stitching 
of  the  suspennioo-line  retain ing-loops. 

Btookcord.  A  thread  or  tape  tied  between  para¬ 
chute  components  that  is  intended  to  break  under  de¬ 
sired  load  during  deployment.  See  Thread,  Break 

BrOOthing,  Canopy.  The  pulsating  or  pumping  ac¬ 
tion  of  an  inflated  canopy  during  desceut. 

Bridlo.  The  arrangement  of  cords  or  webbings 
attaching  the  pilot  chute  to  the  apex  of  one  or  more 
canopies,  or  to  the  deployment  bag  or  bags  containing, 
those  canopies. 

Broken  Pick.  A  broken  filling-thread,  usually  ap¬ 
pearing  as  a  streak  along  the  fabric. 

Bunched  Stitching.  A  defective  seam  resulting 
from  stitches  being  too  close  together;  more  stitches 
per  inch  than  required. 

Bungees.  See  Elastic a,  pack-opening. 
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Burnt,  Friction.  The  result  of  rapid  nibbing  to¬ 
gether  of  two  textile  surfaces,  generating  frictional 
heat,  which  reduces  the  tensile  strength  of  the  textile 
and  caunea  deterioration  of  individual  threads.  It  oc¬ 
curs  primarily  during  parachute  deployment  and  initial 
inflation. 

Cabinot,  Drying.  A  facility  used  for  the  acceler¬ 
ated  drying  of  parachutes. 

Cabin,  Ripcord.  A  flexible  cable  joining  the  lock¬ 
ing  pins  and  the  ripcord  grip.  The  ripcord  cable  usual¬ 
ly  is  of  carbon  steel  or  corrosion-resistant  flexible 
steel,  normally  3/32  inch  in  diameter.  It  consists  of 
seven  strands  with  seven  wires  per  strand. 

Cannibalise.  To  remove  serviceable  parts  from 
one  item  of  equipment  in  order  to  install  them  on 
another  item  of  equipment. 

Canopy.  The  portion  of  a  parachute  conaisting  of 
the  drag-producing  surface  and  the  suspension  lines 
exteated  to  one  or  more  mutual  confluence  points. 

Canopy-Rolooso  Assemblies.  Devices  which  al¬ 
low  immediate  detachment  of  the  canopy.  They  con¬ 
nect  the  harness  main  web  straps  to  the  canopy  risers. 

Chain.  Method  of  shortening  suspension  tines  for 
storage  by  looping  and  interlocking  lines. 

Chainstitch.  Ornamental,  basting,  or  seam  stitch 
in  which  thread  or  threads  are  not  interlocked  but  are 
held  by  a  loop  of  needle  thread  being  passed  through 
another  loop  of  needle  thread  or  through  a  loop  of  bob¬ 
bin  thread.  May  be  single-  ,  double-  ,  or  triple-thread 
chain  stitching. 

Channel,  Canopy.  rhe  space  or  opening  through 
which  the  suspension  lines  are  passed.  It  in  formed 
by  the  overlapping  of  the  fabric  in  the  main  seams,  or 
by  the  addition  of  cover  tape  to  the  drag-producing 
surface. 

Cheststrap.  (hie  of  the  harness  straps  sewed 
across  the  chest  with  a  snap  and  a  V-ring  to  prevent 
the  wearer  from  falling  out  of  the  harness. 

Chute.  A  term  used  interchangeably  with  the  word 
“parachute.” 

Clovis.  A  U-shaped  metal  fitting,  with  a  hole  in 
each  end  to  receive  a  pin  or  bolt.  It  is  used  on  cargo 
parachutes  and  heavy  drop  kits. 

Clovis  Pin.  A  metal  rod,  usually  fitted  with  cotter 
pin  or  threaded  to  receive  a  nut,  inserted  through  holes 
in  the  end  of  clevis  to  hold  clevis  shut. 

Clip,  Safety.  A  U-shaped  metal  fitting  used  to  pre¬ 
vent  the  accidental  opening  of  the  parachute  harness 
release. 

Cluster.  A  group  of  two  or  more  parachutes  that 
are  attached  to  a  single  load  and  are  designed  to  open 
simultaneously. 

Cons,  Pock  (Locking  Cons).  A  vmall,  cone  - 
shaped  metal  post  sewn  to  one  of  the  side  flaps  of 


the  pack.  A  hole  is  drilled  longitudinally  through  the 
cone  a  short  distance  from  the  top  to  admit  the  ripcord 
locking-pin.  (irommeta  of  the  opponiag  flap  and  the  end 
tabs  ore  placed  over  the  cones  and  are  held  tightly  in 
place  by  the  insertion  of  ripcord  pins  in  the  holes 
provided. 

Construction,  Bios.  A  type  of  construction  for 
drag-producing  surfaces  in  which  the  sections  are  cut 
and  arranged  in  the  gores  so  that  the  threads  and  sec¬ 
tion  seams  make  an  angle  of  other  than  90  deg  (usual¬ 
ly  45  deg)  to  the  centerlines  of  the  gores.  Bias  con¬ 
struction  is  used  for  additional  strength,  and  for  the 
economy  of  material  that  can  be  achieved  by  cutting 
sections  from  standard-width  materials. 

Construction,  Block.  A  type  of  construction  for 
drag -producing  surfaces  in  which  the  sections  are  cut 
and  arranged  in  the  gores  so  that  the  warp  threads  and 
section  seams  make  an  angle  of  90  deg  to  the  center- 
line  of  the  gore  and  nre  parallel  to  the  skirt  hem. 

Container,  Air-Drop.  A  container  designed  for  the 
purpose  of  dropping  equipment  and  supplies  by  para¬ 
chute  from  aircraft  in  flight.  The  container  may  be 
constructed  of  cotton,  dack,  metal,  fiberglass,  ply¬ 
wood,  netting,  or  other  nailable  material,  depending 
oo  the  type,  weight,  and  shape  of  the  cargo  to  be  de¬ 
livered.  The  container  may  or  may  not  incorporate  a 
harness  for  transmitting  forces  developed  daring  cano¬ 
py  opening,  and  it  may  be  carried  on  external  racks 
or  inside  the  aircraft. 

Controlled  -  Parachute  Tower.  Also  called 

Controlled  Tower.  See  Tower,  Controlled  Parachute 

Cords.  See  Lines,  Suspension. 

Cord,  Arming.  A  cord  that  pulls  the  firing  wire  out 
of  a  roefing-liae  cutter,  or  other  actuating  device, 
thereby  arming  the  device. 

Critical  Closing  Speed.  The  speed  during  ac¬ 
celeration  st  which  a  normally  inflated  canopy  will 
collapse  into  the  squid  form. 

Critical  Opening  Spued.  The  speed  during  de¬ 
celeration  at  which  a  canopy  in  the  squid  form  as¬ 
sumes  normal  inflation,  but  above  which  it  will  not 
fully  inflate. 

Crown.  Specifically,  a  fabric  panel  used  to  cover 
a  closed  apex-vent  in  certain  types  of  canopies,  sach 
as  the  0-13  cargo  parachute.  In  general,  the  part  of  a 
canopy  around  the  apex. 

Cushion,  Bock.  A  pad  attached  to  the  inside  of 
the  harness  of  personnel  parachutes  to  provide  com¬ 
fort  for  the  wearer*  aad  lo  hold  the  harness  is  place. 

Cutter,  Reef]  119-Line.  A  device  designed  to  cut 
through  the  reefing  line  of  a  canopy.  It  normally  in¬ 
corporates  a  delay  device  (mechanical  or  pyrotechni- 
cal),  a  power  device  (mechanical  or  pyrotechnical), 
and  a  knife-edged  cutter. 
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Damping.  The  reduction  of  induced  oscillation  of 
n  parachute  during  descent. 

Dart.  A  short,  tapered  seam. 

Deployment.  That  portion  of  a  parachute’s  oper¬ 
ation  occurring  from  the  initiation  of  ejection  to  the 
instant  the  lines  are  fully  stretched,  but  prior  to  the 
initial  inflation  of  the  canopy. 

Deployment,  Bag.  A  method  of  canopy  deployment 
utilizing  a  container,  usually  of  fabric,  for  retaining 
the  drag-producing  surface  of  the  canopy  until  the 
suspension  lines  are  deployed.  This  reduces  the 
snatch  force  by  allowing  the  acceleration  of  the  cano¬ 
py  mass  in  small  increments  only.  'Hie  lines  may  or 
may  not  be  stowed  on  the  bag,  depending  on  the  in¬ 
tended  use. 

Doployment,  Controlled  Bog.  A  method  of  canopy 
deployment  in  which  the  deployment  bag  in  attached 
to  a  static  line  and  remains  on  the  static  line  after 
the  canopy  is  released. 

Deployment,  Free  Bag.  A  method  of  canopy  de¬ 
ployment  in  which  the  deployment  bag  is  attached  to 
a  pilot  chute.  When  a  static  line  ia  used  to  open  a 
pack,  the  bag  remains  in  the  pack  until  it  ia  removed 
by  the  pilot  chute. 


Channel,  Cinopy 

Development.  That  portion  of  a  parachute’s  oper¬ 
ation  occurring  from  the  moment  of  completion  of  sus¬ 
pension -line  stretch  to  the  moment  of  full  inflation  of 
the  canopy.  Used  synonymously  with  inflation  . 

Diameter,  Constructed.  A  designation  of  the  size 
of  a  canopy,  based  upon  design  dimensions. 

Diameter,  Nominal,  (0o).  The  computed  diameter 
designation  of  any  design  of  canopy,  which  equals  the 
diameter  of  a  circle  having  the  same  total  area  as  the 
total  area  of  die  drag-producing  surface,  which  includes 
all  openings  in  the  drag-producing  surface,  such  as 
slots  and  vent.  Since  it  refers  to  all  canopies  on  a 
common  basis,  that  is,  in  terms  of  surface  area,  this 
method  of  diameter  designation  ia  preferred  for  the 
comparison  of  drag  efficiencies  of  different  canopy 
designs.  For  canopies,  that  have  a  vent  area  larger 
than  one  per  cent  of  the  total  area,  the  vent  area  is 
deducted  from  the  total  area  (for  example,  airfoil  para¬ 
chutes).  This  term  is  not  used  for  canopies  of  the 
guide-surface  type  (ribbed  and  ribless). 


Diameter,  Projected,  (Dp),  The  mean  diameter  of 
the  inflated  canopy,  measured  in  the  plane  of  the  max¬ 
imum  cross-section  area. On  canopies  where  the  fabric 
curves  out  between  the  suspension  lines,  the  projected 
diameter  is  the  tneun  diameter  of  the  inner  and  outer 
diameters. 

Disconnect,  Ground.  A  device  that  instantane¬ 
ously  releases  the  canopy  from  the  suspended  load 
upon  ground  contact.  This  device  may  be  actuated 
electrically,  by  the  action  of  ground-contact  switches 
or  g-ssnsing  devices;  or  it  may  be  entirely  mechanical 
and  sensitive  to  canopy-load  reduction. 

Disreofing.  The  process  of  removing  or  changing 
the  restrictive  characteristics  of  a  reefing  system  to 
increase  the  drag  area  of  a  canopy.  This  may  be  ac¬ 
complished  in  one  stage,  in  several  stages,  or  con¬ 
tinuously,  until  the  canopy  is  fully  inflated. 

Doublo-W.  A  type  of  reinforcing  stitch  in  which 
one  W  ia  offset  approximately  \  in.  and  superimposed 
upon  another  W. 

Drift.  The  horizontal  displacement  ofthe  canopy 
during  descent.  Iliis  may  be  caused  by  wind  or  gusts 
or  by  the  inherent  gliding  tendencies  of  some  canopy 
types. 

D-Ring.  A  metal  fitting  shaped  like  a  D  into  which 
snap  connectors  are  booked. 

DrOflUO.  A  fabric  surface  shaped  like  a  cone,  usu¬ 
ally  used  as  tow  target  or  wind  sock,  but  sometimes 
used  as  a  name  for  a  small,  first-stage  canopy. 

Drop  Altitude.  Actual  altitude  of  an  aircraft  above 
the  ground  at  the  time  of  initiation  of  an  air-drop  op¬ 
eration. 

Dropmattor.  (1)  An  Air  Force  technician  qualified 
to  prepare,  perfoim  acceptance-inspection,  load,  lash, 
and  eject  material  for  air  drop.  (2)  An  air-crew  member 
who  during  air  drop  operations  will  relay  any  re¬ 
quired  information  between  the  pilot  and  jumpmaster. 

Drop  Toot.  See  Test,  Drop. 

Dummy,  Parachute.  Torso-shaped  dummy  ot  vari¬ 
able  weight  used  for  testing  personnel  parachutes. 
It  may  be  of  rigid  or  articulated  construction. 

Elastics,  Flap-Removing.  See  Elastics,  Pack - 
Opening. 

Elastics,  Pack-Opening.  Elastic  cords,  with  a 
means  of  attachment  at  each  end,  installed  on  the 
pack  under  tension,  used  to  separate  the  end  flaps 
from  the  side  flaps  when  the  ripcord  is  pulled.  These 
cords  may  be  either  rubber  or  metal  springs. 

Ends.  Warp  yarns  in  a  woven  fabric. 

Eyo.  A  small,  steel-wire  loop  attached  to  the  para¬ 
chute  pack,  into  which  is  fastened  a  hook  on  a  pack¬ 
opening  elastic. 

Eyolot.  A  small,  metal  reinforcement  for  a  hole  in 
fabrics,  similar  to  a  grommet,  but  thinner  and  smaller, 
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mill  having  no  washer.  The  eyelet  is  useil  to  reinforce 
lacing  holes  in  small  covers. 

Foist  Bottom.  See  flottom,  Fail-. 

Fastonor,  Glovs.  A  small,  metal  fastener  consist¬ 
ing  of  button  with  socket  and  stud  with  eyelet. 

Fastonor,  Interlocking.  A  type  of  fastener  mode 
of  two  links  of  tape  with  a  series  of  metnl  scoops 
which  are  interlocked  by  a  pull-slide. 

Fastonor,  "Lift-tho-Dot’  A  small,  metal  device 
made  of  four  parts:  the  stud,  the  wHsher,  the  socket, 
and  the  clinch  plate.  When  the  stud  is  manufactured 
with  a  screw  base,  the  washer  is  eliminated.  “l.ift- 
the-Dot”  fasteners  are  made  in  several  types  of  metal, 
with  different  stud-lengths  for  use  with  the  various 
weights  of  material.  The  term  “l.ift-the-Dot"  indicates 
that  the  fastener  is  opened  by  lifting  at  one  point 
only;  that  is,  at  a  position  beneath  the  small  “dot” 
on  the  socket. 

Fastonor,  Parachuto-Pack.  A  metnl  fitting  at¬ 
tached  to  a  pack  flap  and  designed  to  fit  over  a  lock¬ 
ing  cone. 

Fastonor,  "Tri-Lock1'.  A  button -type  fastener 
that  provides  for  release  in  only  one  quadrant.  It 
serves  the  same  purpose  as  a  “l.ift-the-Dot”  fastener, 
but  it  provides  a  smoother  surface. 

Food  Dog.  A  mechanical  device  which  feeds  the 
material  through  a  sewing  machine. 

Fid.  A  small,  flat,  tapered  bar  of  metnl  or  wood 
used  during  packing  to  insert  the  corner  flaps  into  the 
pack. 


Filling 


Filling.  Also  called  woof.  These  are  the  threads 
that  run  across  the  cloth  an  it  comes  from  the  loom. 
This  term  is  not  to  be  confused  with  “filling”  in  the 
sense  of  sizing,  which  means  the  addition  of  sub¬ 
stances  that  give  body  or  decreased  porosity  to  the 


material. 

"Flnlto-Mass”  Condition.  A  state  of  puruchute 
operation  |lse  of  this  condition  in  calculation  offilling 
time  and  opening  shock  of  canopies  stipulates  that 
the  velocity  decay  during  the  inflation  is  substantial 
and  must,  therefore,  be  considered  in  the  calculation. 
I.xample:  opening  of  personnel  und  cargo  parachutes. 

FIST.  Abbreviated  term  used  to  designate  flat 
circular  ribbon  canopies.  These  canopies  are  charac¬ 
terized  by  gores  constructed  of  ribbons,  usually  2  in. 
in  width,  placed  parallel  to  the  skirt,  with  slots  of 
predetermined  dimensions  between  the  ribbons.  These 
canopies  were  first  designed  in  Germany  by  Flup- 
lechnisches  Institill  Her  Technischen  llochschule 
Stuttgart.  The  use  of  this  term  is  being  discouraged. 

Flap,  Locking-Pin  Protoctor.  A  flap  that  covers 
the  locking  pins  and  cones  to  prevent  the  pack  from 
being  opened  by  any  means  other  than  pulling  the  rip¬ 
cord. 

Flap,  Pack.  A  fabric  extension,  on  a  side  or  end 
of  the  pack,  designed  to  enclose  and  protect  the 

canopy. 

Flaring.  Method  of  splitting,  taping,  and  stitching 
the  end  of  the  webbing  to  widen  it  and  prevent  it  from 
slipping  through  a  fastener  or  adapter. 

Folding,  Accordion.  Folding  a  canopy  into  folds 
of  uniform  length,  accordion-fashion,  before  it  is 
pluced  into  the  bag  or  pack.  A  folding  bar  can  be  used 
to  help  make  neat  and  properly  spaced  folds. 

Foret,  Snatch.  A  force  of  short  duration  that  is 
imposed  by  the  sudden  acceleration  of  the  canopy 
mass  at  the  instant  of  complete  extension  of  the  sus¬ 
pension  lines  or  similar  components  of  a  parachute 
system  prior  to  inflation  of  the  canopy. 

Fortitan.  A  cellulose  fabric  that  has  great  strength 
but  very  little  elasticity. 

Froo-Drop.  Delivery  of  supplies  and  equipment 
from  aircraft  in  flight  without  use  of  parachutes. 

French  Serving.  A  form  of  whipping  used  on  sus¬ 
pension  lines  of  pilot  parachutes  to  form  a  loop  for 
the  point  of  attachment  of  bridle  cord  or  line.  Also 
called  French  spiral-serving. 

Gonoral-Purpos*  Bag.  When  used  by  the  individ¬ 
ual  parachutist,  it  is  an  adjustable  container  designed 
for  attachment  to  the  parachute’s  harness  to  carry 
individual  or  team  equipment  that  must  accompany  the 
parachutist  during  an  airborne  operation. 

Goro.  That  portion  of  the  drag  producing  surface 
contained  between  two  adjacent  suspension  lines  or 
radial  seams. 

Grip.  See  Handle,  Ripcord. 

Grommot.  A  metnl  eyelet  and  washer,  used  os  a 
reinforcement  around  a  hole  in  fabric.  Grommets  are 
used  on  pack  flaps  to  fit  over  locking  cones. 

Handlo,  Ripcord.  A  metal  loop  designed  to  pro- 
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Gore 

vide  a  grip  for  palling  locking  pins  from  tlie  locking 
cooes  of  ripcord -sc  tasted  parachutes. 

Hangar  Lina.  A  line  or  cord  circling  the  skirt  of  s 
canopy  within  the  skirt  hem  is  place  of  the  lower 
lateral  band,  and  designed  to  distribate  tbe  load  from 
the  oaspensioa  liaen,  as  on  G-13  cargo  parachute 
canopies. 

Hardware.  All  metal  fittings  need  on  parachutes, 
parachute  systems,  aad  suspended  loads. 

HamoSS.  An  arrangement  of  webbing,  with  metal 
fittings,  designed  to  conform  to  tbe  shape  of  tbe  load 
in  order  to  secare  u  properly,  and  to  properly  distrib¬ 
ate  the  stress  from  opening  shock  and  the  weight  of 
the  load. 

Harness  Raisa  SO.  A  maneally  operated  device 
fixed  to  one  aad  of  haraeas  webbing  and  eqnipped  with 
throe  prongs  to  accomodate  lags  oa  free  ends  of  har¬ 
ness  webbing;  it  is  designed  to  permit  rapid  release 
of  troop-type  harness.  Also  ased  on  the  A-21  container. 

Haot.  Fabric  folded  back  apon  itself  and  sewed  in 
this  position  to  form  both  the  peripheral  edge  and  the 
vast  of  the  canopy. 


How  RIggod  Canopy.  A  canopy  whose  suapen- 
aion  linen  are  attached  to  the  skirt  hem^  and  do  not 
pans  over  the  drag-producing  surface. 

Hositotor,  Skirt.  A  device  that  restricts  the  akiit 
of  the  drag-producing  surface,  thus  preventing  infla¬ 
tion  until  the  expiration  of  the  snatch  force,  at  which 
time  the  heaitator  line  breaks  and  allows  inflation  of 
the  canopy.  Thin  device  reduces  snatch  force  and 
possibility  of  canopy  malfunctions. 

High-Volodty  Drop.  The  act  or  process  of  deliv¬ 
ering  supplies  or  equipment  from  an  aircraft  in  flight 
where  the  rate  of  descent  exceeds  that  obtained  uti¬ 
lizing  conventional  cargo  parachute  methods  (low- 
velocity  drop)  but  lean  than  terminal  velocity  (free-fall). 


Hitch,  ClovO.  A  type  of  hitch  naed  for  attaching 
the  suspension  linen  of  a  canopy  to  the  connector 
links. 

Hook,  Apox.  A  hook  placed  at  the  end  of  the 
packing  table  that  positions  and  holds  the  apex  of  the 
canopy  to  keep- it  under  tension  for  packing  or  inspec¬ 
tion. 

Hook,  Pock-Oponing  Elastic.  Small,  formed, 
steel-wire  devices  attached  at  both  ends  of  pack¬ 
opening  elastics.  These  are  hooked  in  tbe  eyes  sewn 
on  the  pack. 

Hook,  Stow.  A  packing  tool  consisting  of  a  handle 
and  a  bent-wire  hook.  It  is  uaed  to  pall  the  suspension 
lines  into  place  in  stow  loops  during  packing  of  cer¬ 
tain  types  of  parachutes. 

Horizontal  Bock  strop.  That  part  of  the  bnckntrnp 
which  crosses  the  wearer's  back  horizontally. 

Housing,  Ripcord.  A  flexible  metal  tubing  in 
which  the  ripcord  cable  is  installed.  Tbe  tnbing  pro¬ 
tects  tbe  ripcord  cable  from  aaaggiag  and  provides  a 
free  path  for  it. 

“Infinlto-Moss"  Condition.  In  the  analysis  of 
the  dynamics  of  parachute  opening,  the  approach 
which  stipulates  that  the  velocity  of  the  pnrnchute- 
load  configuration  does  not  change  appreciably  daring 
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the  period  of  canopy  inflation,  and  can  therefore  be 
conaidered  constant. 

Inversion.  A  state  in  which  the  canopy  has  keen 
turned  inaide  out,  identified  by  upper  and  lower  lateral 
band  folds  and  gore  numbers  appearing  on  the  inaide, 
and  V-taba  appearing  on  outside. 

Jumping  Attitude.  Steady,  level  flight  of  a  troop- 
carrier  aircraft  at  a  speed  necessary  to  permit  para¬ 
chutists  to  make  a  safe  exit. 

Keepers  (Pock,  Harness,  Suspension-Line). 

Length  of  webbing  sewed  on  a  pack,  or  around  sus¬ 
pension  lines  or  risers,  and  adjusted  to  hold  the  pack 
finsly  to  the  harness  or  load  on  which  it  is  ased,  or 
to  form  a  confluence  point  for  suspension  lines  or 
risers  to  prevent  relative  movement  of  lines  or  risers. 

Knot,  Granny.  A  kind  of  readily  made  and  insecure 
knot  often  made  by  the  inexperienced  in  place  of  a 
square  knot. 

Knot,  Overhand.  A  simple  knot  tied  in  each  run¬ 
ning  end  of  a  piece  of  cord  above  a  square  knot  or 
surgeon's  knot  (which  is  similar  to  a  square  knot)  to 
prevent  the  end  from  slipping  back  through  the  knot. 

Knot,  Square.  A  strong  knot  far  joining  two  ropes 
or  lines,  which  does  aot  slip  or  loosen  easily. 

Knot,  Surgeon's.  A  type  of  knot  commonly  used 
in  place  of  a  square  knot  to  prevent  mia-tying. 

Lug  Strap.  That  port  of  the  harness  that  passes 
under  the  wearer's  leg  and  connects  to  the  legslrap 
loop,  or  passes  under  the  wearer’s  leg  through  the 
strap  loop,  and  to  the  harness  release. 

Liftweb.  That  part  of  the  harness  comprising  the 
main  webbing  support,  extending  from  the  connector 
links  down  through  the  saddle  and  up  to  the  opposite 
connector  links. 

Lino  Bums,  (turns  canned  by  a  suspension  line 
passing  over  part  of  canopy. 

Lioo,  Guido  Or  Coafrol.  One  or  more  of  the  para¬ 
chute  lines  that  run  from  a  slot  or  orifice  in  a  steer¬ 
able  canopy  to  the  harness  providing  a  better  facility 
to  wap  the  canopy  skirt  for  steerability.  When  such 
lines  are  under  tension  during  parachute  opening  or 
descent,  they  are  classed  as  suspension  linen. 

Lino,  Roofing.  A  length  of  cord  or  line  passed 
through  rings  on  the  skirt  of  the  drag -producing  sur¬ 
face  to  delay  or  control  the  opening  of  the  canopy. 

Lino,  Static.  A  !i  ne,  cable,  or  webbing,  one  end 
of  which  is  fastened  to  the  pack,  canopy,  or  deploy¬ 
ment  bag,  and  the  other  to  some  part  of  the  launching 
vehicle.  It  is  used  to  open  a  pack  or  to  deploy  a  cano- 

p  y- 

Lino,  Suspension.  Cords  or  webbings  of  silk,  ny¬ 
lon,  cotton,  rayon,  or  other  textile  materials,  that  con¬ 


nect  the  drag-producing  surface  of  the  canopy  to  the 
harneas  or  load.  They  provide  the  means  for  suspension 
of  the  person  or  load  from  the  inflated  (hag-producing 
surface. 

Lino-Stowing.  The  process  of  drawing  the  suspen¬ 
sion  lines  into  suspension-line  retaining-loopa  in  the 
parachute  pack  to  prevent  entanglement  of  the  lines 
during  opening  of  the  canopy.  Stows  may  be  held  by 
retaining  loops  or  rubber  bands,  or  may  be  tied  to 
stowing  straps. 

Linos,  Twisted  Suspension.  A  type  of  malfunc¬ 
tion  during  canopy  deployment  caused  by  relative 
rotation  of  a  suspended  load,  or  pack,  to  the  position 
of  the  canopy.  One  full  twist  is  defined  as  a  360-deg 
rotation.  This  method  ia  sometimes  deliberately  used 
to  increase  the  opening  time,  and  decrease  the  open¬ 
ing  shock,  of  canopies. 

Link,  Connector.  Usually  identified  as  a  small, 
rectangular  metal  fitting  used  to  connect  ends  of 
risers  or  lift  webs  to  suspension  lines.  The  suspen¬ 
sion  lines  are  tied  and  sewn  around  one  part  of  the 
link,  and  the  webs  are  stitched  around  the  other  part. 
The  design  of  the  link  may  vary  in  size  and  shape, 
according  to  the  intended  use. 

Link,  Soporablo  Connector.  Any  connector  link 
comprised  of  readily  separable  elements,  which  may 
be  used  to  facilitate  assembly  of  canopies  to  a  riser 
system. 

Loading,  Canopy.  Parachute  canopy  loading  is 
defined  as  the  ratio  of  the  force  transmitted  from  cano¬ 
py  to  suspended  load  to  the  drag  area  of  the  canopy. 

Lockstitch.  A  aewing  machine  stitch  in  which  two 
threads  are  -'nterlocked  by  one  thread  being  passed 
oronnd  the  other. 

Log  Rocord,  Amy  Parachute.  (DA  Form  10-42). 
A  small  booklet  serving  as  a  diary  for  a  parachute 
with  entries  for  station,  inspections,  packing,  jumps 
or  drops,  modifications,  and  major  repairs. 

Loop,  Retaining.  l>oop  of  webbing  or  tape,  usual¬ 
ly  elastic,  used  to  hold  folded  lines  or  excess  web¬ 
bing  in  position. 

Loop,  Stow.  Webbing  loop  on  deployment  bag  or 
pack  to  hold  suspension  lines  in  place  on  packed 
parachutes. 

Lowering  Strop.  A  webbing  strap  attached  to  para¬ 
chutist’s  equipment-bag  or  weapons -case  and  to  para¬ 
chutist’s  harness  to  permit  lowering  of  container  be¬ 
low  the  jumper  approximately  20  ft  before  landing. 

Law- Velocity  Drop.  The  act  or  process  of  deliv¬ 
ering  personnel,  supplies,  or  equipment  from  aircraft 
in  flight,  utilising  sufficient  parachute  retardation  to 
prevent  any  injury  or  damage  upon  ground  impact. 
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(See  lligh-l  elocitv  Ibop.) 

Lug.  A  flat,  metiil  fitting  attached  to  the  rods  of 
harness  we hhing  to  provide  attachment  to  the  linmeKH 
relen.se. 

Malfunction.  The  1-omplete  or  pnrtint  failure  of  a 
canopy  to  achieve  proper  opening  or  descent.  Some 
causes  of  malfunction  are  high  porosity,  canopy  dam¬ 
age,  twisted  suspension  lines,  improper  packing  or 
rigging,  and  improper  or  blanketed  deployment. 

Mispick.  A  pick  that  failed  to  pass  over  or  under 
the  appropriate  warp  yarns  during  weaving. 

Opening,  Prematura.  Any  accidental  opening  of 
the  canopy  before  the  desired  time  of  opening. 

Oscillation.  t  he  pendulum-like  motion  of  a  para¬ 
chute-suspended  load  during  descent. 

Ovaradga.  I.ong  slanting  stitches  over  raw  edges 
of  material  to  prevent  raveling.  Also  called  uiAtp- 
stitch. 

Pack  (Pack  Assembly).  T  he  term  p tick  usually 
denotes  the  container  alone,  fthen  so  used,  it  is  de¬ 
fined  ns  a  container  that  encloses  the  canopy  or  de¬ 
ployment  bag  and  provides  for  a  means  of  opening  to 
allow  deployment  of  the  canopy.  The  canopy  may  or 
may  not  be  placed  in  s  deployment  bag  or  sleeve. 

Pack  Covar.  A  piece  of  duck  or  canvas  with  static 
line  attached,  used  to  cover  a  packed  canopy  in  aonie 
types  of  pack  assemblies. 

Pack  End-Tab.  A  metal  fitting  secured  to  each 
end  flap  of  a  pack.  The  end  tabs  fit  over  locking  cones 
and  secure  the  end  flaps  in  a  closed  position  until 
the  locking  pins  are  pulled. 

Pack  Flap.  A  fabric  extension  on  a  side  or  end  of 
the  pack  body  designed  to  enclose  and  protect  the 
canopy. 

Pack  From*.  A  rigid  or  flexible  frame  used  to 
maintain  a  desired  pack  shape. 

Pack-Opaning  Spring -Band.  A  cloth -covered 
steel-spring  assembly  with  a  hook  at  each  end,  used 
to  expedite  opening  of  pack  by  rapidly  pulling  flaps 
away  from  canopy. 

PaddU.  A  flat,  narrow  piece  of  wood  used  for 
dressing  the  parachute  pack  and  for  stowing  certain 
webbings  or  flaps  in  retainers. 

Palm,  Sawing.  A  hand  protector  used  in  heavy 
hand-sewing  to  direct  the  needle  through  heavy  ma¬ 
terial. 

Parachut*.  An  assembly  consisting  of  canopy, 
risers,  or  bridles,  deployment  bog,  and  in  some  cases, 
a  pilot  chute.  The  pack  and  attaching  webbings  (har¬ 
ness)  are  considered  a  part  of  the  parachute  when 
they  are  not  built  into  the  suspended  load  as  an  in¬ 
tegral  part  of  the  load. 


Parachut#,  Air-Drop.  A  parachute  designed  lo  de¬ 
liver  equipment  and  supplies  from  an  aircraft  in  flight. 

It  is  used  synonymously  with  the  term  cargo  parachute, 

PorncVute.  Attachod-Typa.  A  parachute,  the  pack 
of  which  is  so  attached  lo  an  aircraft  or  other  cairier 
dial  the  canopy  deploys  from  the  pack  as  the  load 
falls  away. 

Parachute,  Back-Type.  A  parachute  designed  to 
be  worn  on  a  wearer  s  back  and  shoulders. 

Porachute,  Cargo.  A  parachute  used  to  lower  car¬ 
go  from  aircraft  in  flight. 

Parachute,  Chest-Type.  A  parachute  designed  for 
attachment  to  the  wearer’s  chest. 

Parochute,  Extraction.  A  parachute  used  to  ex¬ 
tract  cargo  from  aircraft  in  flight,  and  to  deploy  cargo 
parachutes. 

Parachute,  First-Stage.  A  parachute  used  for 
initial  deceleration  and  stabilization  of  a  falling 
object  so  that  either  the  intermediate  or  the  final- 
recovery  parachute  can  be  safely  deployed.  This  term 
applies  only  to  parachute  recovery-systems.  The  terms 
drogue  and  parahrake  may  be  used  also;  however,  the 
use  of  these  terms  is  being  discouraged. 

Parachuta,  Fraa-Typa,  A  parachute,  not  attached 
to  an  aircraft  or  other  carrier,  that  ia  operated  by  the 
jumper  at  his  discretion 

Parachuta,  Intarmadi ata.  A  parachute  that  has 
the  purpose  of  further  decelerating  an  object,  after 
the  first-stage  parachute  has  been  disconnected,  to 
a  speed  at  which  it  is  safe  to  deploy  the  final-recovery 
parachute.  This  term  applies  only  to  parachute  recov¬ 
ery-systems. 

Parachuta,  Landing-Approach.  A  parachute  used 
in  flight  lo  improve  jet  aircraft  flight  characteristics 
during  normal  landing  approach,  or  in  approach  under 
marginal  weather  conditions. 

Parachuta,  Landing-Dacalaration.  A  parachute 
generally  used  on  jet  aircraft  to  decrease  aircraft 
landing-roll  distance.  Drag  parachute  is  used  as  an 
alternate  term. 

Parachuta,  Parsonnal.  A  parachute  used  to  lower 
personnel  from  an  aerospace  vehicle  in  flight. 

Parachuta,  Raaarva.  A  second  parachute,  usually 
worn  on  the  chest  of  personnel  making  a  premeditated 
jump.  It  is  used  in  the  event  of  malfunction  of  the 
main  parachute. 

Pqrochuta,  Stobilization-Broka.  A  parachute 
used  to  maintain,  or  to  make  it  possible  to  maintain, 
the  attitude  of  a  falling  body,  and  to  retard  its  fall. 

Parachuta,  Static-Lina.  A  parachute  in  which 
deployment  of  the  canopy  is  initiated  by  means  of  a 
static  line  attached  to  an  aircraft  or  other  carrier.  Moth 
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“troop  type"  and  mime  “nit-drop  type"  parachutes 
nmy  be  placed  in  thin  category. 

Parachute,  Troop.  A  parachute  uaed  primarily  by 
paratrooper*  for  a  premeditated  jump  over  a  designated 
area. 

Parachute  Rotation.  The  turning  of  a  parachute 
canopy  about  its  vertical  axis  during  descent. 

Partial  Inversion.  One  or  more  suspension  lines 
passing  over  the  top  of  the  canopy  during  deployment, 
preventing  complete  inflation  of  the  canopy.  Also 
called  Woe  West. 

Peak.  See  Apex. 

Permeability.  A  term  used  to  designate  the  meas¬ 
ured  volume  of  air  in  cubic  feet  that  will  flow  through 
one  square  foot  of  cloth  in  one  minute  at  a  given  pres¬ 
sure.  In  the  United  States,  permeability  is  measured 
by  using  a  pressure  of  S  in.  of  water.  In  Great  Hritain, 
10  in.  of  water  pressure  in  used. 

Pick.  An  individual  filling  yarn  in  webbing  or  fab¬ 
ric. 

Pilot  Quito.  A  small  parachute  used  to  aid  and 
accelerate  main-canopy  deployment.  Some  types  of 
pilot  chutes  are  equipped  with  a  spring-operated, 
quick-opening  device.  The  frame  in  so  compressed 
that  it  will  open  immediately  when  it  is  released  from 
the  pack. 

Pin,  Clovis.  See  Clevis  Pin. 

Pin,  Locking.  Short,  metal  prongs  attached  to  a 
ripcord  cable.  Locking  pins  are  inserted  into  locking 
cones  to  secure  the  pack  flaps  an  a  function  of  clos¬ 
ing  a  parachute  pack. 

Pin,  Ripcord.  See  Pin,  Locking. 

Platform.  A  base  that  serves  as  the  support  on 
which  equipment  may  be  loaded  for  air  drop. 

Pocket,  Log  Record.  A  small  patch-pocket  sewed 
to  a  part  of  the  parachute,  usually  the  pack  or  riser, 
for  carrying  the  parachute  record  card. 

Porosity,  Effective.  The  ratio  of  the  average 
velocity  of  uir  through  a  porous  sheet  to  the  free-slreum 
velocity.  It  is  utilized  for  performance  calculations 
to  relate  cloth  permeability  to  the  pressure  differen¬ 
tial  experienced  across  the  cloth. 

Porosity,  Geometric.  The  ratio  of  the  open  ureu 
of  a  canopy  drag-producing  surface  to  the  total  canopy 
drug-producing  surface  area. 

Porosity,  Mechanical  or  Ribbon.  The  porosity 
expressed  in  per  cent,  of  the  material  (ribbons)  in 
ribbon  or  ring-slot  type  canopies.  Mechanical  porosity 
is  obtained  by  dividing  the  ribbon  permeability  by 
27.4  eu  ft  sq  ft  min. 

Porosity,  Total.  The  total  porosity,  expressed 
in  per  cent,  of  the  canopy  drag-producing  surface.  The 
total  porosity  is  the  sum  of  the  geomitric  and  mechani¬ 


cal  porosities. 

Roto  of  Doscont.  The  vertical  velocity,  in  feet 
per  second,  of  a  descending  object. 

Rocovory-Systom,  Parochuto.  A  parachute  recov¬ 
ery-system  includes  all  items  that  are  required  to 
recover  an  object  from  flight  and  to  land  it  safely  on 
the  ground  nr  on  water  with  a  minimum  of  damage.  In 
general,  the  following  subsystems  are  included:  first- 
stage,  intermediate,  and  final -recovery  parachutes; 
controlling  devices;  actuating  devices;  and  landing 
or  flotation  devices,  or  both. 

Roofing,  Skirt.  A  restriction  of  the  skirt  of  a  drag- 
producing  surface  to  a  diameter  less  than  its  diameter 
when  it  is  fully  inflated.  Reefing  is  used  to  decrease 
the  opening  shock,  to  decrease  drag  area,  and  to  en¬ 
hance  stability . 

Roofing,  Votlt.  A  means  of  altering  the  inflated 
shape  of  the  canopy  by  pulling  down  the  vent.  This 
type  of  reefing  may  be  used  to  change  the  drag  area 
and  to  enhance  stability. 

Rolooso,  Canopy.  A  device  that  is  designed  to 
permit  rapid  separation  of  canopy  and  risers  from  the 
suspended  load. 

Roloaso,  HarnOSS.  A  manually  operated  device  in¬ 
corporated  in  a  harness.  It  is  designed  to  permit  the 
rapid  release  of  the  harness  from  the  wearer. 

Repairs,  Minor.  Any  repairs  required  to  return  the 
parachute  to  perfect  condition,  but  which,  if  not  made, 
will  not  seriously  affect  its  performance  or  airworthi¬ 
ness. 

Rigger-Roll.  To  prepare  an  unpacked  parachute  for 
stornge  or  movement  by  rolling  the  canopy  into  a  ball 
and  then  rolling  the  suspension  lines  around  the  cano¬ 
py.  The  canopy  may  be  secured  with  a  pack,  if  attach¬ 
ed. 

Rigger's  Check.  A  routine  inspection  of  a  troop 
parachute,  including  check  of  harness  adjustment, 
performed  by  a  qualified  parachute  rigger  immediately 
prior  to  enplaning  of  the  paratrooper. 

Rigging.  The  method  of  preparing  a  particular 
piece  of  equipment  or  load  of  supplies  for  heavy  air¬ 
drop,  as  in  “Rigging  the  105mm  Howitzer  for  Air  De- 

If* 

ivciy . 

Rings,  Roofing.  Metal  rings  attached  to  the  skirt 
of  a  drag-producing  surface  at  the  suspension-line 
connection-points,  through  which  a  reefing  line  is 
passed.  These  rings  are  designed  to  eliminate  any 
hinging  action  in  the  ring,  which  could  mean  conse¬ 
quent  binding  of  the  reefing  line. 

Ripcord.  A  locking  device,  consisting  of  cable, 
locking  pins,  and  grip,  that  secures  the  pack  in  a 
closed  condition.  It  permits  the  release  of  the  canopy 
from  the  pack. 
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RipStOp,  Nylon.  Nylon  fabric  woven  in  intermit¬ 
tent  box  form  with  three  or  four  additional  closely 
picked  yarns,  designed  to  prevent  travel  of  a  rip  or 
tear. 

Riser.  That  portion  of  the  suspension  system  be¬ 
tween  the  confluence  point  of  suspension  lines  and 
the  point  of  attachment  to  the  load.  Since  it  must  be 
as  strong  as  the  total  strength  of  all  suspension  lines 
attached  thereto,  it  usually  is  fabricated  from  high- 
strength  material,  such  as  textile  webbing  or,  in  some 
cases,  steel  cable. 

Saddle.  The  part  of  the  harness  that  is  positioned 
in  the  main  lift-web  at  the  seat  of  wearer  and  widened 
and  reinforced  to  provide  a  seat  or  aling  for  the  wearer. 

Safety.  A  thread  or  wire  of  specified  breaking 
strength  used  to  prevent  accidental  or  premature  re¬ 
lease  or  separation  of  parts,  as  on  the  ripcord  of  the 
reserve  parachute.  Also  used  as  a  verb. 

Safety  Clip.  See  Clip,  Safety. 

Soil.  A  term  used  to  designate  a  condition  noted  in 
the  deployment  of  a  parachute  canopy  when  the  caao- 
py,  just  after  leaving  its  psck  but  still  attached  to  a 
static  line,  is  exposed  broadside  to  the  airstream  and 
temporarily  assumes  s  shspe  aimilsr  to  a  sail. 

Sean.  The  fold  or  line  formed  by  the  sewing  to¬ 
gether  of  two  pieces  of  material. 

Soon,  Bias.  Hie  radial  or  diametral  seam  of  a 
bias -constructed  drag-producing  surface. 

Seam,  Black.  A  seam  that  runs  parallel  to  the 
warp,  or  filling  threads,  of  material  used  in  block 
construction  of  drng-prodncing  surfaces. 

Soon,  Diagonal.  The  diagonal  or  horizontal  teams 
that  join  the  sections  of  each  gore  of  a  bias-con¬ 
structed  drag-producing  surface. 


Seam,  English  Fell 

Soon,  English- Fall.  A  type  of  seam  in  which  one 
piece  of  material  is  folded  back  on  itself  and  the 
other  piece  ie  a  plain  overlap. 

Soom,  Folded-Fell.  In  forming  thii  type  of  seam, 
the  plies  of  material  are  first  joined  ae  shown  in  (a). 
The  one  ply  ie  then  turned  back,  the  edge  of  the  other 
ply  ie  turned,  and  the  two  plies  are  sewed  with  a 
eecond  row  of  stitching,  an  shown  in  (6). 

Sean),  Franch-Fell.  Thin  type  of  seem  ie  formed 
by  turning  the  edges  of  both  plies  of  the  materiel, 


Sean,  Folded  F ell 


■OK 

G 

_asa 

ED 

Seam,  French  Fell 

lapping  them  as  shown  in  the  sketch,  and  sewing  with 
two  (or  more)  rows  of  stitches,  which  also  secure  the 
turned  positions. 

Seam,  Radial.  A  seam  that  extends  from  tbe  skirt 
to  the  vent  and  joins  two  gores.  A  portion  of  the  sus¬ 
pension  linen  may  be  concealed  in  tubes  formed  by 
radial  seams. 

Soaring.  Method  of  sealing  ends  of  nylon  cord  or 
webbing  by  melting  them  to  prevent  raveling. 

Section.  Any  one  of  the  pieces  of  cloth  which, 
when  assembled,  form  one  gore  of  a  drng-prodncing 
surface. 

Selvage.  The  woven  edge  of  cloth. 

Separator,  Line.  A  slotted  metal  or  wood  device 
uoed  to  hold  suspension  lines  at  the  canopy  skirt 
after  separation  into  groups  during  packing. 

Serving.  A  method  of  wrapping  or  binding  the  ends 
of  cord  or  line  so  they  will  not  unravel,  or  to  provide 
protection  for  loops.  It  is  also  referred  to  as  whipping. 
Served  loops  are  sometimes  used  to  replace  connector 
links  et  tbe  load  end  of  the  suspension  linen.  The 
latter  construction,  however,  makes  maintenance  cost¬ 
ly  and  difficult. 

Shakeout.  Method  of  suspending  a  canopy  and 
shaking  each  gore  in  succession  to  free  the  canopy  of 
loose  dirt  and  debris. 

Shock,  Deployment.  See  Force,  Snatch. 

Shock,  Landing.  The  force  imposed  upon  the  sus¬ 
pended  load  at  ground  impact. 
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Shock,  Opening.  I  lie  mimin' jim  force  developed 
during  inflation  of  the  canopy. 

Shoulder  Strap.  Hint  part  of  the  harness  which 
crosses  the  wearer's  ahoulder. 

Shot  Bag.  \  parachute  packing  tool.  A  rectangular 
duck  bag  is  filled  with  Hand  or  allot  and  uned  to  hold 
folded  goren  in  poaition  during  packing. 
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Single- \  Stitch 


Singlo-X.  A  stitch  pattern  representing  on  \-forma- 
tion,  usually  used  with  a  box-stitch. 

Skirt.  The  reinforced  hem  forming  the  periphery  of 
u  drag-producing  surface. 

Sleeve.  A  tapered,  fabric  tube  in  which  a  canopy 
is  placed  to  control  the  canopy's  deployment. 

Slipping,  Controlled.  A  method  of  guiding  an  in¬ 
flated  canopy  in  a  desired  direction  by  manipulation 
of  the  suspension  lines,  spilling  the  air  from  one  side 
of  the  skirt.  This  action  causes  an  increased  average 
rate  of  descent  until  the  lines  return  to  full  length. 

Slot.  An  opening  within  a  gore  of  a  drag-produc¬ 
ing  surface.  The  size  and  number  of  slots  will  deter¬ 
mine  or  control  the  geometric  porosity  of  certain  canopy 
designs. 

Snap,  Friction  Harnoss.  A  sliding -grip  friction 
buckle  .vith  a  metal  snap  attached  to  a  parachute  har¬ 
ness  to  secure  two  parts  of  the  harness  together,  and 
also  to  permit  quick  fit  adjustments  on  the  wearer 
or  load. 

Snap,  Harnots.  A  hook-shaped  spring-loaded  met¬ 
al  fastener  that  snaps  over  a  V-  or  D-ring  to  secure 
two  parts  of  an  assembly. 

Snap,  Static-Lino.  A  metal  device  used  to  connect 
the  free  end  of  a  static  line  to  a  cable  or  ring  in  an 
aircraft. 

Sptod,  Critical  Oponing.  See  Critical  Opening 
Speed. 

Speed,  Critical  Closing.  See  Critical  Closing 
Speed. 

Spood,  Sinking.  See  Rate  of  Descent. 

Spike,  Recovery.  A  pointed-beam  extension  on  the 
nose  of  the  load,  which  absorbs  ground-impact  energy 
by  penetrating  the  ground. 


Squidding.  A  slate  of  incomplete  canopy  inflation 
in  which  the  canopy  has  a  penr-likc  or  squid-like 
shape.  Squidding  occurs  if  the  canopy  is  deployed 
above  a  critical  speed. 


Squid  Shape 


Squid  Shape.  See  illustration. 

Stability,  Dynamic.  T  he  tendency  of  a  moving 
body  to  develop  moments  that  act  to  damp  motion. 

Stability,  Static.  The  tendency  of  a  moving  body 
to  develop  steady-stage  restoring  moments  when  dis¬ 
turbed  from  a  poaition  of  equilibrium. 

Stiffener,  Pack.  Rectangular  strips  of  metal  or  fi¬ 
ber  placed  in  the  pack  flaps  to  stiffen  the  flaps.  These 
strips  are  also  used  for  shaping  the  sides  and  bottom 
of  packs. 


Stitch,  Lock 

Stitch,  Box.  A  rectangular  or  square  stitch  pat¬ 
tern,  generally  used  to  enclose  a  single-,Y  or  triple-, V 
stitch  formation. 

Stitch,  Chain.  Ornamental,  basting,  or  seam  stitch 
in  which  thread,  or  threads,  is  not  interlocked  but  is 
held  by  a  loop  of  needle  thread  or  a  loop  of  bobbin 
thread.  There  may  be  singlo-  ,  double-  ,  or  triple¬ 
thread  chain  stitching. 
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Stitch,  Double-Throw.  /•ig/ug  stitching  in  which 

thr  nee  die  makes  a  center  stitch  between  eirli  left 
and  right  stitch. 

Stitch,  Four-Noodle.  \  method  of  stitchit.g  that 

can  he  performed  in  one  operation  by  a  four-needle 
sewing  machine.  It  is  used  in  sewing  the  top  hem. 
the  circumferential  hem.  and  the  radial  xeainx  of  a 
drag-producing  nurface. 

Stitch,  Luck.  A  nonraveling  at  itch  uxed  to  lonna 

seam. 

Stitch,  Single-Throw.  Zigzag  Stitching  ill  which 
the  needles  travel  completely  from  one  Hide  to  the 
other  between  stitches. 

Stitching,  Bunched.  A  defective  seam  resulting 
from  a  higher  concentration  of  stitches  per  inch  than 
is  required. 

Stitching,  Ztgzog.  Stitching  done  hy  a  sewing 
machine  that  makes  stitches  alternately  on  two  or 
more  parallel  diagonul  lines.  It  is  used  to  reinforce 
and  anchor  the  suspension  lines  to  the  drag-producing 
surface. 

Stow.  Any  one  loop  of  static  line  or  suspension 
line  compuctlv  secured  to  the  parachute  pack. 

StOW  Hook.  A  packing  tool  consisting  of  u  bundle 
and  a  wire  hook  used  to  pull  the  suspension  lines 
into  place  in  stow  loops  during  parachute  packing. 

Stow  Loop.  A  webbing  loop  on  the  deployment 
bag,  designed  to  hold  suspension  lines  in  place  on 
u  packed  parachute. 

Streamer.  A  malfunction  in  which  a  canopy  stretches 
full-length  during  descent  without  reaching  a  squid 
shape. 

Strength,  Tear.  The  average  force,  measured  in 
pounds,  required  for  a  continuous  tear  across  either 
the  filling  or  the  warp  of  a  fabric. 

Strength,  Tensile.  The  tension,  measured  in 
pounds,  tequired  to  break  a  material.  The  tensile 
strength  of  a  fabric  is  stated  in  pounds  per  inch  width 
for  warp  and  for  filling.  The  tensile  strength  of  web¬ 
bings  and  tapes  is  stated  for  the  full  width,  such  as 
250-lb  tape. 

Surface,  Drag-Producing.  That  portion  of  a  cano¬ 
py  consisting  of  the  cloth  area  designed  to  produce 
the  desired  drag. 

Swogo.  To  join  metal  parts  by  pressure,  such  as 
in  attaching  ripcord  locking  pins  to  ripcord  cable. 

Tacking.  A  slight  sewing,  usually  by  hand,  with 
long  stitches  as  in  basting,  but  usually  concentrated 
in  a  certain  area  or  around  a  certain  point. 

Tonglo.  The  passing  of  one  group  of  suspension 
lines  through  a  second  group,  usually  caused  by  pack 
or  harness  passing  between  two  lines  above  connector 


link. 

Tope,  Reinforcement.  Tape  or  webbing  sewed  to 
the  park  or  canopy  to  strengthen  the  fabric  at  a  weak 
spot  or  point  of  stress. 

Teor  Strength.  See  Strength,  Tear. 

Template.  A  pattern  cut  from  durable  material. 

Terminol  Velocity.  The  greatest  velocity  that  a 
free-falling  body,  starting  from  rest,  can  attain  against 
the  resistance  of  air  at  any  given  altitude. 

To*t,  Drop,  A  test  to  determine  the  working  effi¬ 
ciency  of  a  parachute  and  its  systems  by  releasing 
it  from  an  aircraft  or  from  some  height  above  the 
ground  under  conditions  very  similar  to  those  found, 
or  anticipated,  in  normal  operation. 

Throod,  Brook.  A  stitching  intended  to  break 
easily  under  a  relatively  small  stress.  In  certain  types 
of  packs,  for  example,  a  break-thread  is  used  to  fasten 
the  lift  webs  inside  the  pack.  This  thread  breaks  dur¬ 
ing  the  deployment  or  opening  of  the  canopy. 

Throod,  Morkor.  A  colored  thread  woven  into 
webbing  to  identify  the  breaking  strength. 

Tio-Down.  A  chain  -  and  -  binder  assembly  used  to 
lash  t-nrgo  to  tie-down  rings  in  aircraft  or  to  heavy- 
drop  platforms. 

Time,  Filling.  I’he  time  elapsed  between  the  full 
extension  of  the  suspension  lines  (after  canopy  de¬ 
ployment)  and  the  opening  of  the  canopy  to  its  fullest 
extent. 

Timo,  Oponing.  The  elapsed  time  between  the 
initiation  of  canopy  deployment  and  the  opening  of 
the  canopy  to  its  fullest  extent. 

Tower,  Control led-Parochute.  A  tower  having  the 
mechanism  and  equipment  that  allow  a  purachute  to 
come  straight  down  between  cables.  Such  a  tower  is 
used  for  training  in  parachute  jumping. 

Towor,  Drying.  A  facility  where  parachutes  are 
suspended  for  drying  nnd  airing. 

Tripl#-X.  A  stitch  pattern  resembling  three  ad¬ 
joining  X’s.  It  is  often  used  with  a  boxstitch. 

Tuck.  A  shortening  of  material  caused  by  pulling 
fabric  up  in  folds  nnd  stitching  across  the  gathered 
fabric. 

Twist,  Suspension-Lines.  The  twisting  of  each 
group  of  suspension  lines  separately,  usually  caused 
by  rotnt:’-)n  of  the  pack  or  harness  between  the  two 
groups. 

Underfold.  A  fold  in  which  insufficient  material 
has  ber.n  folded  inaide  the  scam,  usually  resulting 
in  exposed  raw  edges. 

Velocity,  Equilibrium.  The  velocity  that  a  fall¬ 
ing  body  can  attain  when  the  drag  is  equal  to  the 
weight;  i.e.,  the  acceleration  equals  zero. 
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V*nt.  An  opening  in  the  cloth  surface  of  the 
canopy;  specifically,  the  opening  Ht  the  top,  or  apex 
of  the  drag-producing  surface, 

V«nt,  Pucktr«d.  A  cloth  sleeve  or  collar  attached 
to  and  encircling  the  vent,  puckered  by  the  use  of  an 
elastic  member  that  is  tightly  drawn  at  the  apex  of 
the  vent. 

V-Ring.  A  metal  fitting  in  the  fonn  nf  a  closed  let¬ 
ter  V  that  is  used  with  snaps  to  secure  or  attach  a 
load  to  a  canopy. 

V-Top,  A  short  length  of  tape  or  webbing  wrapped 


tightly  around  a  suspension  line  anil  stitched  to  the 
skirt  hem. 

Warp.  I  he  threads  that  run  parallel  to  the  selvnge 
edge  of  cloth;  those  threads  that  are  crossed  by  the 
filling  threads,  also  called  weft.  (I'or  sketch,  see 
Threads,  hilling.) 

Wax,  Poroffin.  Wax  generally  used  with  50  per 
cent  beeswax  as  a  hot  dip  to  prevent  the  fraying  of 
cut  ends  of  webbing,  cord,  and  tape. 

W#b,  Lift.  See  Kiser. 

Wgbbing.  See  Harness. 


31 


CHAPTER  2 

DESIGN  REFERENCE  DATA 


Table  of  Contents 

Section 

Pane 

1 

CON VKHSION  I- AC'IOHS 

34 

2 

PARAMKTRIC  TIIAJFCTOHY  CI'IIVKS  AND  NOMOGRAMS 

35 

Illustrations 

\umber 

2-1 

Parametric  Traiecturv  Plot.  0  0° 

o 

37 

2-2 

Parametric  Trajectory'  Plot,  -  5J 

39 

2-3 

Parametric  Trajectory  Plot,  <-  10° 

41 

2-4 

Parametric  Trajectory  Plot,  0Q  -  15° 

43 

2-5 

Parametric  Trajectory  Plot,  0p  20° 

45 

2-6 

Parametric  Trajectory  Plot,  0(J  -  30° 

47 

2-7 

Parametric  Trajectory  Plot,  0Q  •  '15° 

49 

2-H 

Parametric  Trajectory  Plot,  0()  -60° 

51 

2-9 

Parametric  Trajectory  Plot,  0o  -  90° 

53 

2-10 

True  Airspeed  vs  Mach  No.  and  Altitude 

55 

2-11 

Altitude,  Mach  No.  and  Dynamic  Preaaure 

57 

2-12 

Dynamic  Preaaure  vs  Velocity  and  Altitude 

58 

2-13 

Kquilibrium  Velocity  as  a  Function  of  CjyS,  Altitude  and  Weight 

59 

2-14 

Reliability  Nomogram 

61 

33 


CHAPTER  2 

DESIGN  REFERENCE  DATA 


u 

UJ 

CONVERSION  FACTORS 

log  e  N  or  In  N 

0.4343 

log,0  N 

meters 

3.2808 

feet 

meters 

39.37 

Inches 

Multiply 

Hy 

To  Obtain 

meters  per  min 

3.281 

feet  per  minute 

meters  per  min 

0.05468 

feet  per  second 

atmospheres 

76.0 

cms  of  mercury 

meters  per  min 

0.03728 

miles  per  hour 

atmospheres 

29.92 

inches  of  mercury 

meters  per  sec 

3.284 

feet  per  second 

atmospheres 

33.90 

feet  of  wuter 

meters  per  sec 

2.237 

miles  per  hour 

atmospheres 

10.333 

kg  per  aq  meter 

meters  per  set  per 

3.281 

feet  per  sec  per  see 

centimeters 

0.3937 

inches 

sec 

C 

cmst  of  mercury 

0.01316 

atmoaphers 

miles 

1.609x10’* 

centimeters 

cms  of  mercury 

0.446  i 

feet  of  water 

miles 

1.609.3 

kilometers 

cma  of  mercury 

136.0 

kg  per  aquure  meter 

miles  per  hr 

44.70 

centimeters  per  sec- 

cms  of  mercury 

0.1924 

feet  per  second 

miles  per  hour 

88 

feet  per  minute 

cma  per  aecond 

0.03281 

feet  per  second 

miles  per  hour 

1.467 

feet  per  second 

cma  per  aecond 

0.02237 

miles  per  hour 

mi  lea  per  hour 

1.6093 

kilometers  per  hour 

cm  per  aecperaec 

0.03281 

ft  per  sec  per  sec 

miles  per  hour 

0.8684 

knots 

cubic  centimeters 

3.531x10*’'* 

cubic  feet 

pounds 

453.6 

grams 

cubic  feel 

2.832x10* 

cubic  cms 

pounds  per  cu  ft 

0.01602 

grams  per  cubic  cm 

cubic  inches 

16.39 

cubic  centimrtera 

pounds  per  cubic  ft 

16.02 

kg  per  cubic  meter 

cubic  meters 

61,023 

cubic  inches 

pounds  per  cu  in. 

27.68 

grams  per  cubic  cm 

cubic  yards 

7.646x  10r* 

cubic  centimeters 

pounds  per  cu  in. 

1728 

pounds  per  cu  ft 

degrees  (angle) 

0.01745 

radians 

pounds  per  foot 

1.488 

kg  per  meter 

feet 

30.48 

centimeters 

pounds  per  inch 

178.6 

grama  per  cm 

feet  per  sec 

30.48 

cms  per  see 

pounds  per  aq  ft 

0.01602 

feel  of  water 

feet  per  sec 

0.6818 

miles  per  hour 

pounds  per  aq  ft 

4.882 

kg  per  square  meter 

ft  per  sec  per  sec 

30.48 

cm  per  sec  per  sec 

pounds  per  aq  ft 

6.944x10-* 

pounds  per  sq  inch 

grams 

2.205xl0*3 

pounds 

pounds  per  aq  in. 

0.06804 

atmospheres 

Inches 

103 

mils 

pounds  per  sq  inch 

2.307 

feel  of  water 

Inches  of  mercury 

0.03342 

atmospheres 

pounds  per  sq  in. 

2.036 

inches  of  mercury 

Inches  of  mercury 

1.133 

feet  of  water 

aq  centimeters 

1.076x1c-5 

square  feet 

Inches  of  mercury 

345.3 

kg  per  square  meter 

aq  centimeters 

0.1550 

square  inches 

Inches  of  mercury 

70.73 

pounds  per  square  ft 

sq  feet 

929.0 

square  centimeters 

Inches  of  mercury 

0.4912 

pounds  per  square  in. 

square  feet 

0.09290 

oquare  meters 

Inches  of  water 

0.002458 

atmospheres 

square  inches 

6.452 

O 

square  centimeters 

Inches  of  water 

0.07355 

inches  of  mercury 

square  inches  6.944x10 

square  feet 

Inches  of  water 

25.40 

kg  per  square  meter 

1  empldegs  t.) 

1 

abs  temp  (degs  C) 

Inches  of  water 

5.204 

pounds  per  square  ft 

+  273 

Inches  of  water 

0.03613 

pounds  per  square  in. 

Temp  (degs  C) 

1.8 

temp  (degs  Kahr) 

Kilograms 

2.2046 

pounds 

+17.8 

Knots 

6080 

feet  per  hr 

temp  (degs  K) 

1 

abs  temp  (degs  F) 

knots 

1.152 

miles  per  hr 

+460 

lo«10  N 

2.303 

log/e  N  or  In  N 

temp  (degs  !•') — 32 

5/9 

temp  (degs  Cent) 
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SEC.  2  PARAMETRIC  TRAJECTORY  CURVES 
AND  NOMOGRAMS 

Derivation  of  Kquutions:  The  |>oriinietrit  trajertorv 
curves  shown  in  Pig.  2-1  through  2-0  have  been  ex¬ 
truded  from  u  report  prepured  by  Mr.  T.A.  Horns, 
(.enerul  Klectric  Go.,  Missile  and  Spare  Vehicle  De¬ 
partment,  titled,  “Parametric  Trajectory  (‘urves  for 
the  Preliminary  Design  of  Parachute  Recovery  Sys¬ 
tems,”  Arrodynumics  Data  Memo  No.  4.64. 

The  assumptions  used  in  deriving  the  working  equa¬ 
tions  are  as  follows: 

1.  The  vehicle  may  be  considered  a  point  mass. 

2.  The  eurth  is  assumed  round  and  nonrotating. 

3.  Gravity  is  constant. 

4.  Drag  is  introduced  as  a  step  function. 

5.  W’/CpS  is  constunt  for  a  given  velocity  vs.  time 
plot. 

The  familiar  equations  of  motion  of  a  body  falling 
through  the  utmosphere  (See  Sketch)  are; 

.  </l  pi2 

(1)  m -  -  If  sin  0  -  - - C,S 

dt  2  ' 

dO 

(2)  m  —  *  If  cos  0 

dt 

dll 

(3)  —  —  I  sin  0 

dt 


(4)  —  -  I  cos  0 
dl 


where  0  Puth  Angle  of  Vehicle 
II  -  Altitude 
K  e  llunge 


(5) 


sin  0  — 


(If  CpS) t 


d  I 
dtft 


The  term  (If  CpS)t  is  considered  to  be; 


(6) 


v'h *  v  r 

( CpS),,  .  (CpS),, 


W  CpS)t 


where  the  subscript  “b”  refers  to  the  vehicle  and  the 
subscript  “P”  refers  to  the  parachute. 

Rewriting  Kquation  (5)  in  terms  of  velocity  ratios 
yields, 


(7) 


sin  0  — 


.»<*'  »o>“ 

2iTw7 


iE  »  o) 

dUv,  I  J 


where  the  subscript  *V  refers  to  initial  conditions. 
Assume  over  the  interval  \ll, 

(8)  f)  <-  p_|  em,*N  si  >-  seu  level 


then. 


>>  si 


-«// 


•a  (II -HJ 


all . 


'VI  p 

Non  dimensionuli/ing  I'.quution  (<)), 


(10)  p  ,, 


e  *„2 


is  a  parameter. 


Substituting  I  qnution  (10),  along  with  the  relation- 
sbip  i  *  -  2f  Cp  I  p  into  liquation  (7)  yields. 


The  non-dimensional  form  of  Kquations  (2),  (3)  and 
(4)  is: 


(12) 


I  dO 

<o  ''(/Si,,) 


-  cos  0 


(13) 


11  (Hit  l  ,,2) 
-/DgT,,) 


I 

““  sin  0 

o 


From  Kquations  (11),  (12),  (1.1)  und  (14)  the  dimen¬ 
sionless  variables  and  parameters  ure  established  uh 
follows: 


Variables 


(a)  r 


V  1' 


(b)  A  t 


(c> 

(d) 


Ml  • 
Mi  - 


A//* 

A H 

I' 

a 


Parameters 
(e)  0 


To  define  the  curves  1 1  is  considered  as  the  equili¬ 
brium  velocity  at  the  initial  altitude  or  I  .  Parameter 
(0  then  is  expressed  us  l'0!V 

The  following  Table  outlines  the  known  values  which 
ure  needed  to  enter  the  parametric  trajectory  curves 
shown  in  Figs.  2-1  through  2-9  und  the  values  which 
muy  be  read. 


The  upproxiimile  nature  of  these  curves  should  be 
emphasized.  They  ure  for  preliminary  design  only.  A 
computer  check  using  the  point  mass  equations  of 
motion  should  be  made  on  all  systems  which  are  de¬ 
signed  by  the  use  of  these  data. 
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CHAPTER  3 

DEPLOYABLE  AERODYNAMIC  DECELERATORS,  GENERAL 


The  deployable  aerodynamic  decelerator  ayatem  ia  made  up  of  components  which,  functioning  to¬ 
gether,  provide  a  means  for  the  controlled  descent,  deceleration,  or  stabilization  of  a  mass.  Natu¬ 
rally,  its  moat  important  component  ia  the  deployable  aerodynamic  decelerator.  In  addition,  the  sys¬ 
tem  must  provide  means  for  the  deployment  of  the  aerodynamic  decelerator,  support  for  the  suspended 
load,  and,  in  some  cases,  the  ayatem  muat  contain  provisions  for  the  automatir  detachment  of  the 
aerodynamic  decelerator  from  the  suspended  load. 

Generally,  the  first  considerations  for  the  selection  and  design  of  the  deployable  aerodynamic  de¬ 
celeration  device  are  those  of  the  required  drag  and  stability  characteristics  for  the  intended  opera¬ 
tional  speed-aad-altilude  regime.  Both  drag  and  stability  characteristics  are  determined  almost  en¬ 
tirely  by  the  design  configuration  of  the  deployable  aerodynamic  decelerator. 

A  secondary  consideration  is  the  attainment  of  a  high  drag-efficiency  in  terma  of  weight  or  packed 
volume  per  aerodynamic  decelerator  drag  area.  Thin  consideration  may  take  on  added  significance  if 
the  available  storage  space  ia  limited  and  the  weight  to  be  added  to  a  given  weapon  system  has  to  be 
held  to  a  minimum. 

A  third  consideration,  but  not  necessarily  third  in  importance,  involves  the  selection  and  design  of 
a  deployment  system  for  the  aerodynamic  decelerator,  sbock-attenuation  systems,  and  associated 
hardware. 

Many  types  of  deployable  aerodynamic  decelerators  have  been  investigated  in  the  course  of  the 
Aerodynamic  Decelerator  Research  and  Development  Program.  Since  many  alternative  shapes  might 
be  considered  for  the  deceleration  and/or  stabilization  of  aerospace  vehicles,  it  is  virtually  impos¬ 
sible  to  present  a  complete  study  of  all  possible  variations.  The  designs  and  shapes  discussed  in 
the  following  sections  represent  those  that  have  undergone  sufficient  investigation  to  establish  some 
specific  characteristics  in  performance,  and  are  either  moat  commonly  used  in  general  aerodynamic 
decelerator  applications  or  have  shown  sufficient  potential  for  future  applications. 


SEC.  1  TEXTILE  PARACHUTE  CANOPIES 

Among  the  variety  of  deployable  aerodynamic  de¬ 
celeration  devices  which  may  be  considered  for  wea¬ 
pon  system  applications,  conventional  textile  para¬ 
chute  canopies  have  the  least  weight  and,  in  a  majority 
of  cases,  the  least  bulk  for  n  given  drag  area.  Con¬ 
sequently,  the  textile  parachute  has  found  wide  appli¬ 
cation  for  the  deceleration,  stabilization,  and  recovery 
of  aerospace  vehicles  or  their  payloads.  In  view  of  its 
wide  use  and  application,  the  parachute  will  be  treated 
in  much  more  detail  than  any  othertype  of  aerodynamic 
decelerator  in  the  following  Chapters  and  Sections. 

In  all  cases  except  the  ribbed  and  ribless  guide- 
surface  canopies,  canopy  diameter  as  referred  to 
hereafter  is  the  “nominal  diameter  D0" .  For  ribbed 
and  ribless  guide-surface  canopies,  the  “constructed 
diameter  Dc"  is  commonly  used,  which  is  equivalent, 
in  these  cases,  to  the  “inflated  diameter  Dp" . 

Drag  coefficients  as  presented  hereafter  are  based 
upon  the  area  Sa  (total  area  of  the  drag-producing 
surface),  in  all  cases  except  for  ribbed  and  riblcss 


type  guide  surface  canopies.  The  symbol  for  the  drag 
coefficient  related  to  the  area  S0  is  Cpo-.  For  ribbed 
and  ribless  type  guide  surface  canopies,  the  drug  coef¬ 
ficient  is  based  upon  the  area  (projected  area  of 
the  inflated  canopy).  For  these  canopy  types,  the 
symbol  for  the  drag  coefficient  is  C[)p. 

Data  presented  in  the  following  table  are  intended 
only  for  purposes  of  comparison.  The  drag  coefficients, 
ratios  of  force  to  the  product  of  dynamic  pressure  and 
reference  area,  and  values  of  average  angle  of  oscilla¬ 
tion  values  presented  are  peculiar  only  to  the  canopy 
size  and  operational  conditions  stated.  At  present, 
no  accurate  performance  relationship  between  model 
and  full-size  parachute  canopies  can  be  established. 
For  additional  values  of  performance  and  design 
characteristics  of  larger-size  canopies,  refer  to  Chap¬ 
ter  4,  Aerodynamic  and  Operational  Characteristics  of 
Canopies;  Chapter  5,  Deployable  Aerodynamic  De¬ 
celerator  Applications;  and  Chapter  7,  Design  of  Tex¬ 
tile  Canopies  and  Parachute  Systems.  Unless  other¬ 
wise  specified,  all  values  listed  in  the  following 
paragraphs  refer  to  subsonic  applications  and  sea- 
level  density. 
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! M11.I-:  3-1  TYPICAL  PKHIOIIMYNCK  CIIAHACTKIHSTICS  ()!■'  PAIIACIHTK  CANOPIKS 
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TAHI.K  3-1  vContM) 


Canopy  Type 
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View 
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1.1  Solid  Textile  Canopies 

1.1.1  FLAT  CIRCULAR  CANOPY 

1.1. 1.1  Canopy  Design.  This  canopy  ia  constructed 
an  a  flat  circular  surface  with  a  center  orifice  (vent), 
and  cooaiats  of  a  number  of  gores  atitched  together 
laterally,  the  joints  forming  the  main  radial  seams. 

1.1. 1.2  Drag  Coefficient.  The  drag  coefficient 
C-D0  of  thin  canopy  ranges  from  0.65  to  0.00,  depend¬ 
ing  upon  canopy  size,  cloth  permeability,  and  rate  of 
descent.  For  preliminary  calculations,  an  average 

C i)  of  0,75  is  generally  used. 

o 

1.1. 1.3  Stability.  For  small  canopies  (below  32-ft 
diameter),  oscillations  of  approximately  —30  deg  are 
common.  On  larger  canopies,  the  average  angle  of 
oscillation  generally  decreases  with  increasing  size. 

1.1. 1.4  Opening-Shock.  For  "infinite  mass"  con¬ 
ditions,  (see  Glossary)  the  opening-shock  factor  ap¬ 
proaches  2.0. 

1.1. 1.5  Application.  Flat  circular  canopies  are 
in  wide  use  for  personnel  and  air-drop  applications. 

1.1. 1.6  Opening  Reliability  and  Speed  Limitations. 
This  canopy  is  very  reliable.  However,  it  is  gen¬ 
erally  limited  to  low-speed  uses  because,  at  higher 
speeds,  it  opena  rapidly  and  has  excessive  opening- 
shock.  Safe  deployment-speed  limitations  for  several 
specific  canopy  and  load  configurations  are  as  follows: 


1.1. 1.7  Remarks.  This  canopy  type  i»  relatively 
easy  lo  manufacture.  Its  stability  characteristics  and 
deployment  speed  limitations  make  it  unsuitable  for 
( ertnin  applications. 


O.tt  0  to 
1.0  D 


Canopy  Type  and 
Diameter,  ft 

No.  of 
Gores 

Suspended 
Load,  lb 

Canopy  Material 

Line 

Deployment 
Velocity,  Knots 

C-9  28 

28 

200 

1. 1  oz  Nylon 

550  lb 

275 

G-12  64 

64 

2200 

2.25  oz  Nylon 

1000  lb 

175 

G-UA  100 

120 

7000 

1.6  oz  Nylon 

550  lb 

180 

(with  2  sec. 
reefing) 


WARP 
TYPICAL  GORE 
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VERTICAL  VELOCITY,  V  (FT/SEC) 


1.1.2  CONICAI.  CANOPY 


1.1. 2.1  Canopy  Design.  Thi m  canopy  is  con  - 
atrurted  by  joining  gores  having  hii  included  angle  fi 
of  H  value  lean  than  360°  V  (depending  on  the  tleniret! 
cone  angle  of  the  canopy  — see  drawing).  The  value  of 
this  included  angle  is  determined  by  equation: 


cos  a)  (hi 


.  1H0°T 

un  — ^ — ’ 


where  /d  «=  Included" angle  of  gore; 


a  «  Cone  angle  of  canopy;  and 


V  "  Number  of  goreH  in  canopy. 


1.1. 2.2  Drag  Coefficient.  The  drag  coefficient 
('/)  of  thin  canopy  type  ranges  from  0,62  to  0.9.r/( 
chiefly  depending  upon  size,  cone  angle,  und  rate  of 
descent.  For  preliminary  calculations,  a  drag  coeffi¬ 
cient  Cj)  of  0.72  is  used. 

1.1.2.^  Stability.  Oscillation  of  the  solid  cloth 
conical  canopy  ranges  between  i-30  and  —10  deg  de¬ 
pending  on  rate  of  descent,  size,  and  cone  angle. 

1.1. 2.4  Opening-Shock.  For  infinite-mass  con¬ 
ditions,  the  opening-shod  factor  is  approximately  l.H. 
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CANOPY  PROFILE  VIEW 


i.i.  i  siim‘1  :»-(;( )i(K  cwoim 

1 , 1 . ,'t .  1  f.'nnnpv  /Vv/jyi  Ibis  canopy  design  in 
similar  la  that  uf  the  solid  flat  t  v |m* .  willi  the  e*<  ep- 
t  i  on  that  the  gore  >  1 1*  ni  deviate*  from  the  triangular 
pattern.  Hecause  of  the  many  variation*  of  shaped 
gore  canopy  designs,  it  is  unpractical  to  cite  spictftc 
performance  figure*. 

1. 1.3.2  Ibae '  ('nelficient .  Main  shaped  gore  cano- 
jiv  designs  have  been  IrHtnl.  and  drag  coefficients  in 
tilt*  order  of  those  for  flat  circular  (unopies  have  been 
obtained. 

1.1. 3.3  Stahihl\.  Stability  varies  with  design. 
Some  of  the  tV|M's  tested  have  shown  stability  im- 
provrinents  over  the  flat  eireular  type  eanopies. 

1. 1.3.3  (Waine-S'/iocT  I' or  infinite-mass  condi¬ 
tions,  the  opening-shock  factor  is  slightly  less  than 
those  for  flat  circular  canopy  designs. 

1. 1.3.5  f i>i>licatii>n.  These  canopy  types  may  be 
designed  for  upplieutions  that  require  reduced  open¬ 
ing-shock  or  slightly  better  stability  than  is  found  in 
flat  circular  canopies,  or  both. 

1.1. 3. 6  Opening  Reliability.  Reliability  varies 
greatly  with  design.  Hemispherical  canopy  designs 
have  been  found  reliable  for  several  applications. 

1. 1.3.7  Rrmarkx.  Shaped-gore  canopies  generally 
have  slightly  more  bulk  and  weight  than  others  ofcom- 
paralde  performance. 


FIST  DEVELOPMENTS  FOR 
0  SURFACE  OF  REVOLUTION 

b  FLUTED  SURFACE 
c  PERIPHERAL  LODE 
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1.1.1  i:vi'KNm:n-ski!i r  i*aii4<:iii'tk  cwocv 

1.1. 1.1  Canopy  I >esi gn  (I hit  Extended-Skirt  Cano¬ 
py).  II, is  design  is  i  harnctrri/ed  liv  n  Hut  circular 
icnlfr,  t<>  which  is  mlili-il  mi  extension  m  tin1  form  of. 
.,n  .inn u I ar  rim:  and  of  width  designated  as  a  percent 
of  flat  circular  diameter  as  shown  in  (IF  The  shape  of 
tin'  gore  is  slitmn  in  (2).  The  nomenclature  for  this 
tv | ii*  of  cunopv  includes  thr  si/r  (nominal  diameter 
/)  1  tuul  the  percent  of  tin*  extension,  in  addition  to 
tlu*  full  nanit*.  I' or  example:  52-ft  nominal  ili nme- tor, 
10  per  cent  flat  extended-skirt  parachute  can  opt. 

1.1. 4. 2  Canopy  Design  (Hull  Extended-Skirt  (.ano- 
py).  This  design  is  characterized  by  a  flat  circular 
center,  to  which  is  aeldeil  un  extension  in  the  form 
of  an  inverted  truncated  cone  having  a  top  diameter 
equal  to  the  diameter  of  the  flat  circular  center  por¬ 
tion,  as  shown  in  (.1).  The  cone  angle  is  such  that  the 
cone  formed  by  the  suspension  lines  is  u  continuation 
of  the  inverted  truncated  cone  extension.  Ilie  shape 
of  the  gore  is  shown  in  (4).  In  this  design,  angle  ft  is 
not  equal  to  angle  a,  and  must  be  determined  in  order 
to  meet  the  requirement  that  the  cone  of  the  suspen¬ 
sion  lines  be  a  continuation  of  the  cone  of  the  exten¬ 
sion.  The  nomenclature  for  this  canopy  includes  the 
size  (nominal  diameter  Dn)  and  the  percentage  of  the 
extension  in  uddition  to  the  full  name,  b  or  example: 
67.3-ft  nominal  diameter,  14.3  per  cent  full  extended- 
skirt  canopy. 

1.1. 4.3  Drag  Coefficient  of  the  Canopy  (Flat  Ex- 
tended-Skirt).  ’I"he  drag  coefficient  C/)(l  averages  0.70; 
however,  it  will  vary  with  rale  of  descent,  size,  and 
length  of  extension.  For  preliminary  calculations,  a 


Canopy  Type 

No.  of 

Suspended 

and  Diameter 

f  »or«H 

l.oad,  lb 

M(M  33  ft 

10%  extended 
(nominal) 

28 

200 

67.3 

14.3%  extended 

32 

2300 

r]\  of  0.70  is  generally  used. 

1.1. 4.4  Drag  Coefficient  of  the  Canopy  ( Full  Ex¬ 
tended-Skirt).  The  drag  coefficient  C[)  ranges  between 
0.70  and  O.H.r>,  depending  on  pressure,  porosity,  rate 
of  descent,  and  si/e.  For  preliminary  calculations,  a 
('■Dtt  of  0.73  is  generally  used. 

1.1. 4.3  ''loin  lily  of  the  Canopy  ( Full  Extended-Skirt). 
Oscillation  of  the  full  extended-skirt  canopy  gener¬ 
ally  ranges  between  —10  and  A- 20  degrees,  depend¬ 
ing  on  design,  si/e.  and  rate  of  descent. 

1.1.  l.ti  Stability  of  the  Canopy  (Flat  Extended-Skirt). 
Average  oscillation  angles  for  the  flat  extended-skirt 
canopy  arr  slightly  less  than  these  for  the  full  ex¬ 
tended-skirt  canopy. 

1. 1.4.7  Opening-Shock .  For  infinite-mass  condi¬ 
tions,  the  opening-shock  fuctor  is  approximately  1.8. 

1.1. 4.8  Application.  At  present,  the  full  extend¬ 
ed-skirt  canopy  is  used  only  for  air  drop  and  for  final- 
stage  recovery  of  aerospace  vehicles.  The  flat  ex¬ 
tended-skirt  canopv  is  being  used  for  both  personnel 
and  air-drop  applications. 

1.1. 4.9  Opening  Reliability  and  Speed  Limitations. 
These  canopies  are  considered  to  be  sufficiently 
reliable  for  all  air-drop  applications.  The  flat  extend¬ 
ed-skirt  canopy  with  pocket  bands  is  considered  to  be 
as  reliable  an  the  flat  circular  canopy  and  is  used  for 
personnel  applications.  Because  of  reduced  opening- 
shock  forces,  these  canopies  may  be  used  atsomewhnt 
higher  deployment  velocities  than  those  of  the  flat 
rircular  type.  Safe  deployment  speed  limitations  for 
several  specific  cnnopv-nnd-load  configurations  are 
as  follows: 


Nylon 

Canopy 

Deployment 

Material 

Fines,  lb 

Velocity,  Knots 

1.1  oz 

375 

300 

1.  2.25  oz 

550 

275 

74 


FICIENT  C 


1.1.4.10  Remarks.  lie  cause  of  the  lower  drag- 

coefficient,  these  canopies  are  slightly  more  bulky 
than  the  Hat  circular  type  for  identical  rates  of  des¬ 
cent.  In  a  similar  respect,  manufacturing  coats  are 
slightly  higher  than  those  for  the  flat  circular  type. 


1.1.  r.  lum.Kss  (ihidf-shhiacf  canopy 

1 . 1. r».I  Canopy  l>estgn.  ' I'hi m  ty |m-  ih  constructed 
of  l>r  1 1  -h  lui|t<*<l  roof  panels  and  guide-surface  panels, 
joinrd  together  to  form  the  main  seams. 

1.1. 5.2  On ig  Coefficient.  The  draft  coefficient 
^  /*(>  averages  between  0.?fi  anil  0.85.  Cor  |ireliminary 
calculations,  (.’/)  value  of  0,80  ia  generally  uaed. 

1.1. 5.3  Stability.  This  canopy  ia  extremely 

stable  and  haa  excellent  damping  characteristics. 
Oscillation  in  free  air  ia  lielnw  —3  deg. 

1 .1.5.4  Opening-Shock.  l  or  infinite-muss  con¬ 
ditions,  the  opening-shock  factor  ranges  between  1.1 
and  1.4,  depending  on  specific  design  characteristics. 

1. 1.5.5  implication.  This  canopy  may  he  used 
for  stabilization,  deceleration,  or  extraction  applica¬ 
tions,  and  for  other  applications  requiring  extreme 
stubili'y,  quick  opening,  and  high  reliability. 

1.1. 5.6  Opening  Reliability  and  Speed  Limitations. 
In  most  applications  this  canopy  is  highly  reliable. 
Deployment  speed  limitations  for  specific  canopy  con¬ 
figurations  and  nearly  infinite-mass  conditions  ore  as 
follows: 


Canopy 

Suspended 

No.  of 

Nylon 

Canopy 

Diameter,  ft 

1  .oad  (Sled  Test) 

(lores 

Material,  oi. 

6.5 

Infinite  mass 

12 

4.75 

6.5 

Infinite  mass 

16 

14 

1.1. 5.7  Remarks.  The  manufacturing  cost  of  this 
canopy  type  is  somewhat  less  than  that  of  the  ribbed 
type.  For  most  applications  it  can  replace  the  ribbed 
type. 


o 

u 


10  20  30  40 

VERTICAL  VELOCITY,  V  FT/SEC 


av.  ancle  of  oscillation  (®> 


VERTICAL  VELOCITY,  Vy  FT/SEC 

Deployment 

l.ines,  lb  Velocity,  Knots 

2250  360 

9000  720 


Se  *=  1200  IN? 

9  *  14.25  LB/FT* 


M .ft  KHIMKI)  Cl’IDK-SI  HI  \CK  CWOI’V 

1.1  .ft.  1  (.anopy  Design.  I‘ii i h  rnnti|iy  is  i lit ri title 

in  shape.  It  in  constructed  of  roof  panels,  guide-sur¬ 
face  |ionels,  nml  intrmul  ribs  joined  together  to  form 
the  nmin  seunm. 

1.1. 6. 2  Drag  Coefficient.  I  he  drug  coefficient 
f-Ppranges  upward  from  0.8.  For  preliminurv  calcula¬ 
tions.  aCPpvulue  of  0.95  iu  generally  uaed. 

1.1. 6.8  Stability.  This  parachute  canopy  in  ex¬ 
tremely  Hlublr.  Oacillation  in  fire  stream  averages 
below  —  2  deg. 

1.1. 6. 4  Opening-Shock.  b  or  infinite-mans  condi¬ 
tions,  the  opening-shock  fuctor  is  approximately  1.1. 

1.1. 6. 5  Application.  Ibis  canopy  mav  lie  used 
for  stabilization  and  deceleration,  or  for  other  appli¬ 
cations  where  extreme  stability,  reliability,  and  uni¬ 
formity  of  the  functional  sequence  are  required. 

1.1. 6.6  Opening  Reliability  and  Speed  Limitations. 
In  most  applications,  this  canopy  is  highly  reliable. 
Safe  deployment  speed  limitations  for  several  specific 
canopy  configurations  and  nearly  infinite-mans  condi¬ 
tions  are  as  follows: 
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Canopy 
Diameter,  ft 

Suspended 

I  .oud  (Sled  l  est) 

No,  of 
Cores 

Nylon  Canopy 
Material,  oz 

l.ines,  lb 

Deployment 
Velocity,  knots 

6.5 

Infinite  mass 

12 

7 

2250 

405 

6.5 

Infinite  mass 

16 

14 

9000 

650 

1.1. 6. 7  Remarks.  This  canopy  is  somewhat  diffi¬ 
cult  to  manufacture,  and  manufacturing  cost  is  rela¬ 
tively  high.  The  ribless  guide-surface  canopy  wi'l 
replace  the  ribbed  type  in  many  applications. 


*■14.25  Ib/FT* 


SYM.  ABOUT  CL 


TYPICAL  INFLATED' 
CONFIGURATION 


VENT  DIA 


APPROXIMATE  PROFILE 
OF  INFLATED  GORE 


TYPICAL  RIB- 
EACH  SEAM 


TYPICAL  ROOF  A  GUIDE 
SURFACE  PANELS  (LESS 
SEAM  ALLOW) 


D 

P 

*=  11.9  FT 

(REF.  3-1) 
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1.1.7  I’KRSONNKl.  GHIDK-SHItFACK  CANOPY 

1. 1.7.1  Canopy  Design.  The  roof  panels  ore 
identical  in  construction  to  those  of  the  flat  circular 
canopy.  Alternate  roof  panels  are  extended  to  provide 
the  guide  surfaces.  The  guide  surfaces  somewhat  re¬ 
semble  those  found  in  ribless  guide-surface  canopies. 

1.1. 7.2  Drag  Coefficient.  The  drag  coefficient 
C-D0  this  canopy  is  only  slightly  less  than  that  of 
the  flat  circular  type.  For  preliminary  calculations,  a 
Cpo  value  of  0.72  is  generally  used. 

1. 1.7.3  Stability.  This  canopy  is  tousidered  to 
have  marginal  stability.  Oscillations  in  free-streum  are 
somewhat  less  than  those  for  the  extended-skirt 
canopies. 

1.1. 7 .4  Opening-Shock.  For  infinite-mass  condi¬ 
tions.  the  opening-shock  factor  approaches  1.6. 

1.1. 7. 5  Application.  This  canopy  has  all  the 
advantages  of  the  flat  circular  canopy,  plus  improve¬ 
ments  in  maximum  operational  speed  and  stability, 
as  well  as  in  reduced  opening-shock.  However,  opening 
time  is  longer  compared  to  the  flat  circular  or  extend¬ 
ed-skirt  canopies. 

1.1. 7. 6  Opening  Reliability  and  Speed  Limitations. 
For  most  applications,  this  canopy  type  ia  reliable, 
and  can  be  used  up  to  375  knots  bailout  velocity  for 
the  following  canopy  and  suspended-load  configuration: 


1.1. 7.7  Remarks.  The  guide-surface  extensions 
add  only  slightly  to  the  manufacturing  cost.  The  bulk, 
weight,  and  rate  of  descent  are  approximately  the  same 
as  for  a  flat  circular  canopy  of  comparable  performance. 


Canopy 
Nominal 
Diameter,  Ft 


No.  of  Suspended  Nylon  Cnnopy 
Cores  I.oad,  lb  Material,  o* 


Lines,  lb 


Deployment 
Velocity,  Knots 


30  24  200 


1.1 


375 


375 


DETAIL- CENTER  PANEL 


AV  ANGLE  OF  OSCILLATION 
VERSUS 

VERTICAL  VELOCITY 


DRAG  COEFFICIENT 


1.1.8  MODJFIF.D  lillil.FSS  CUIDK-SIUtFACF  CAN¬ 
OPY 

1. 1.8.1  Canopy  Design.  This  canopy  is  con¬ 
structed  by  joining  gore  panels  which  have  been  formed 
from  a  single  gore -pattern  rather  thun  the  two  required 
in  constructing  the  ribless  guide-surface  canopy. 

1.1. 8. 2  Drag  Coefficient.  The  drag  coefficient 
(•Dp  vuries  between  0.75  and  0,85.  For  preliminary  cal¬ 
culations,  a^'Ppvalue  of  ti.78  is  generally  used. 

1.1. 8.3  Stability.  This  parachute  canopy  is  not 
as  stable  as  the  ribless  guide-surface  canupy.  Oscilla¬ 
tion  in  free  stream  is  less  than  —  5  deg. 

1.1. 8. 4  Opening-Shock.  For  infinite-mass  con¬ 
ditions,  the  opening-shock  factor  ranges  between  1.1 
and  1.4,  depending  on  specific  design  characteristics. 

1. 1.8.5  Application.  This  canopy  may  be  used 
for  stabilization,  deceleration,  or  extraction,  and  for 
other  first-stage  applications  requiring  a  high  depee 
of  stability  and  reliable  functioning. 

1. 1.8.6  Opening  Reliability  and  Speed  Limitations. 
This  canopy  has  good,  reliable  opening-characteristics. 
Deployment  conditions  for  one  specific  canopy  under 
infinite-mass  conditions  are  as  follows: 


1. 1.8. 7  Remarks.  The  manufacturing  cost  of 
this  canopy  is  somewhut  lower  than  that  of  the  ribless 
type.  For  most  extraction  applications  it  can  replace 
the  ribless  type. 


,M  .04  0.4  0.0  1.2  l.«  2.0  2.4 

TIME  (SEC) 


Canopy 

Diameter 

Suspended 
I.oad,  lb 

No.  of 
Gores 

Nylon  Canopy 
Material,  oz 

Fines,  lb 

Deployment 
Velocity,  Knots 

MC  14-75 
30" 

2200 

6 

7 

1000 

380 

1.2  Ribbta  Conopias 

1.2.1  FLAT  CIRCULAR  RIBBON  CANOPY 


1.2. 1.7  Remarks.  This  canopy  is  relatively  easy 
to  manufacture. 


1. 2.1.1  Canopy  Design.  This  canopy  is  of  flat 
circalar  desip  and  ia  composed  of  concentric  ribbons, 
supported  by  a  number  of  radial  ribbons  and  smaller 
supporting  tapea. 

1. 2.1.2  Drag  Coefficient.  The  drag  coefficient 
C{)0  ranges  between  0.45  and  0.55,  depending  on  de¬ 
sign,  sise,  and  applications.  For  preliminary  design 
purpoaea,  a  Cn  value  of  0,5  is  generally  used. 

1.2.1 .3  Stability.  This  canopy  ia  very  stable. 
Oscillations  ia  free  stream  reach  a  maximum  of  —  5  deg. 

1.2.1.4  Opening-Shock.  For  infinite-mass  ron- 
ditioas,  the  opening-shock  is  approximately  1.05. 

1.2.1. 5  Application.  This  canopy  ia  eapecislly 
adaptable  far  deceleration  when  good  stability ,  drag, 
and  high-opeed  deployment  are  required. 

1.2.1. 6  Opening  Reliability  and  Speed  Limitations. 
This  caaopy  ia  relatively  slow  in  opening.  Opening 
reliability  depends  on  specific  design  parameters. 
Safe  deployment-speed  limitations  for  specific  canopy 
configurations  and  nearly  infinite-mans  conditions  are 
as  follows: 


Canopy 
Diameter,  ft 

No.  of 
Gores 

Sun pended 
1.0  ad 

Nylon 

Canopy 

Ribbon 

Lines,  lb 

32 

36 

(Aircraft 

decelera¬ 

tion) 

300  lb 

2250 

44 

48 

(Aircraft 

300  lb 

4000 

decelera¬ 

tion) 
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AV  ANGLE  OF  0! 

VERSUS 
VERTICAL  VE 
TOT.  POROSITY 
n  .in  n 

1CILLATIC 

i 

L0CITY 

20% 

IN 

(REF. 

Ml 

10  20  30  40 

VERTICAL  VELOCITY,  Vy(FT  /SEC  ) 


Deployment 
Velocity,  Knots 


160 


160 


1.2.2  CONICAL  111  UPON  CANOPY 

1.2. 2.1  Canopy  Design.  The  constructed  shape 
of  this  canopy  is  obtained  in  the  auine  manner  ua  that 
described  for  the  solid  cloth  conical  cunopy.  The  gores 
of  this  canopy,  like  the  flat  circular  ribbon  design, 
are  composed  of  a  grid  of  horizontal  ribbons  spaced 
and  retained  at  close  intervals  by  one  or  more  vertical 
tapes.  Radial  bands  extend  from  the  vent  to  the  skirt, 
joining  adjacent  gores. 

1.2. 2. 2  Drag  (.oefficient.  The  drug  coefficient, 
(:P0-  of  this  canopy  ranges  from  0.45  to  0.55,  depend* 
ing  upon  size,  cone  unglc,  and  rate  of  descent,  For 
preliminary  calculations  h  drug  coefficient  (■!>,,  of 
0.50  muy  be  used. 

1. 2.2.3  Stability.  This  canopy  is  very  stable. 
Oscillation  in  free  stream,  for  a  canopy  with  a  20-deg 
o  ne  angle,  reaches  a  maximum  of  -3  deg. 

1.2.2. 4  Opening-Shock,  For  infiuite-mass  con¬ 
ditions,  the  opening-shock  is  approximately  1.00. 

1.2.2. 5  Application.  This  canopy  is  adaptable 
where  good  stability  and  high-speed  deployment  are 
prime  requirements. 
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Canopy  Type 
&  Nom  Diam 

Suspended 

Load 

Ribbon  Material 

Lines 

No.  of 
Gores 

Deployment  Dyn 
Pressure,  psf 

Canopy 
Vt,  lb 

6.24  ft 

Memiaflo 

Infinite  maaa 
(sled  test) 

2”  1500  lb 

2  no  6000  lb 

16 

794 

19.4 

4.12  ft 

Hemiaflo 

800  lb 

1-1/4"  280  lb 

2  D0  1000  lb 

16 

530 

3.38 

2.02  ft 

Hemiaflo 

230  lb 

1-1/4”  650  lb 

2  D0  550  1b 

16 

560 

1.88 

6.2  ft 

Equiflo 

Infinite  mass 
(sled  test) 

2"  1500  lb 

2  Da  6000  lb 

16 

1500,  3340 

20.7 

4.03  ft  Equiflo 

800  lb 

1-1/14"  120  lb 

2  D0  350  1b 

16 

135 

1.06 
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1.2.4  RING-SI .OT  CANOPY 

1. 2.4.1  Canopy  Design.  This  canopy  in  of  flat 
circular  design.  The  canopy  consiata  of  wide,  concen¬ 
tric,  cloth  atrip*  with  intervening  air  slot*.  The  num¬ 
ber  of  slots  varies,  depending  upon  canopy  diameter. 

1. 2.4.2  Drag  Coefficient.  The  drag  coefficient 
Cp0  varies  between  0.45  and  0.65,  depending  upon 
rate  of  descent  and  design.  For  preliminary  calcula¬ 
tions,  a  C[)a  value  of  0.55  ia  generally  uaed. 

1. 2.4.3  Stability.  Moat  deaigna  are  very  stable. 
Maximum  oscillation  angle  ia  less  than  —  10  degrees, 

1. 2.4.4  Opening-Shock.  For  infinite-muss  con- 

Gunopy  No.  of 

Diameter,  ft  (.ores 


12  16  500 


ililioiis,  the  o|HMiing-siiock  factor  is  approximately  1.05. 

1.2. 4.5  Application.  These  canopies  may  be 
used  lor  deceleration  or  air-drop  applications.  They 
are  also  satisfactory  as  descent  or  recovery  parachute 
canopies,  when  less  oscillation  and  higher  deployment 
speed  titan  thut  found  in  the  flat  circular  canopy  ia 
desired. 

1.2. 4.6  Opening  Reliability  and  Speed  Limitations. 
Opening  reliability  ia  comparable  to  that  of  flat  cir¬ 
cular  ribbon  canopy  designs.  .Safe  deployment  velo¬ 
cities  for  some  specific  canopy  and  suspended-load 
configurations  are  as  follows: 


Suspended 
l.oud,  lb 


Ganopy 

Material  &  Lines 
Nylon,  o i  lb 

10  10,000 


Deployment 
Velocity,  Knots 


650 


14.5 

20 

16.0 

20 

16.0 

20 

20 

24 

24 

28 

28 

28 

Aircraft  Deceleration 
500 

Airciaft  Deceleration 
Aircraft  Deceleration 
Aircraft  Deceleration 
Aircraft  Deceleration 


2.25 

1,500 

2.25 

1,500 

3.5 

2,250 

2.25 

1,500 

3.5 

4,000 

2.25  &  3.5 

2,250 

160 

195 

240 

200 

230 

175 


1. 2.4.7  Remarks.  At  the  present  time,  this  para¬ 
chute  canopy  is  more  costly  to  manufacture  than  the 
flat  circular  canopy.  It  is  less  expensive  to  manu¬ 
facture  than  the  flat  circular  ribbon  canopy,  and  is 
being  substituted  for  the  flat  circular  ribbon  type  for 
some  applications. 
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WANGLE  OF  OSCILLATION  (DEGREES)  F/*S0 


IOO 

CANOPY  DEPLOYMENT  VELOCi 


(FOUR  SLOTS), 
V  >600  INCH2 
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— 1 — 1  1 
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r\ 
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\ 

10  2D  SO  40 
VERTICAL  VELOCITY ,  Vy  ( FT/SEC ) 


AIRCRAFT  (RELEASE)  SPEEO  V  ( 


TYPICAL 

INFLATED 

PROFILE 


AIRCRAFT  (RELEASE)  SPEED  V  (KNOTS) 


1 .2.5  KING-SAIL  CANOPY  (SKY-SAIL) 

I.2.r».l  Canopy  Design.  I'll  in  run  op  y  wuh  deve¬ 
lop  d  by  liadioplane  Company,  Van  Nuytt,  C.alil.  The 
ringsuil  canopy  in  of  the  annular-ring  tvpr  developed 
on  a  apherical  surface  by  a  unique  avateni  of  gore 
coordinated.  The  basic  shape  is  a  quarter  sphere. 
'Che  slots  in  each  gore  are  crescent-shaped  rather 
than  trapezoidal  (except  in  the  crown).  The  number 
of  rings  in  the  canopy  is  usually  determined  by  the 
ratio  of  the  canopy  radius  to  the  woven  width  of  the 
cloth. 

1.2. 5.2  If  ran  Coefficient .*  The  drug  coefficient 
C/)0  varies  between  0.70  and  0,95,  depending  upon 
rate  of  descent  and  design.  h‘or  preliminary  calcula- 


liniiH  a  (  "i )  value  of  0.7H  in  generally  used. 

I.2..r>..'l  Stability.  The  average  amplitude  of  os¬ 
cillations  of  the  ring-sail  canopy  in  less  than  —  10  deg. 

1 .2.5.4  Ofirning-Shock.  l  or  infinite-mass  condi¬ 
tions,  the  opening-shock  factor  is  approximately  1.05. 

1.2.5. 5  Application.  These  canopies  may  be 
used  lor  recovery  applications  where  excessive  oscil¬ 
lation  muat  be  avoided  and  where  the  required  speed 
is  above  the  safe  limits  of  solid  cloth  canopies. 

1 .2.5.6  Opening  Reliability  and  Speed  Limitations. 
The  ring-sail  canopy  opena  reliably,  either  reefed  or 
non^eefed.  Safe  deployment  velocities  for  some  speci¬ 
fic  canopy  and  suspended-load  configurations  are  as 
follows: 


Canopy 

Diameter 

(ft) 

No.  of 
Cores 

Suspended 

Load 

(lb) 

63.1 

48 

Mercury 

Capsule 

(2300) 

74.2 

60 

Reentry 

Capsule 

(1700) 

63.0 

48 

0-4 

(1900  lbs) 

41.0 

32 

(■.scape 

Capsule 

(620) 

Canopy 

Assembly 

Deployment 

Material, 

Vt 

Vol 

Velocity 

Lines 

(lb) 

(ft3) 

(knots) 

2.25  oz 
nylon 

550  lb 
lines 

57.2 

2.26 

150 

2.25  oz 
nylon 

550  lb 
lines 

76.9 

2.76 

139 

2.25  oz 
nylon 

550  lb 
lines 

53.0 

2.34 

217 

2.25  oz 
nylon 

550  lb 
lines 

23.4 

.765 

351 

BOTTOM 

RIBBON 
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1.3  Rotating  Parachute  Canopies 

1.3.1  ItOTAK Oil.  CANOI’Y 

1.3. 1.1  Canopy  Design.  'linn  parachute  wan  de¬ 
veloped  by  Hudioplune  Company,  Viin  Nuys,  < .til if., 
under  contrac  t  with  thr  United  Stulea  (iovernment.  f.on- 
struction  of  the  canopy  ia  similar  to  that  of  the  flat 
circular  type.  Openings  in  each  gore  trunafonn  each 
roof  panel  into  a  sail  during  operation,  which  causea 
rapid  canopy  rotation.  A  swivel  has  to  be  used  to  per¬ 
mit  this  rotation  (relative  to  the  suspended  load),  while 
transmitting  minimum  torque  to  the  load. 

1.3. 1.2  Drag  Coefficient.  I’he  drag  coefficient 
('/)  varies  according  to  the  design.  On  types  tested 
it  lias  ranged  from  0.63  to  0.90.  For  preliminary  cal¬ 
culations,  a  Cp  value  of  0.78  is  generally  used. 

1.3. 1.3  Stability .  The  stability  of  this  canopy  is 
very  much  a  function  of  the  design.  Models  range  from 
stable  to  unstuble,  with  u  decrease  in  drug  coefficient 
in  the  stable  models. 

1.3. 1.4  Opening-Shock.  For  infinite-mass  con¬ 
ditions,  the  opening-shock  factor  is  approximately  1.06. 

1.3. 1.5  Application.  This  paruchute  canopy  may 
used  for  general  deceleration  applications. 

1.3. 1.6  Opening  Reliability  and  Speed  Limitations. 
Moat  desifpis  are  reliable  in  opening.  Canopies  (7 -ft 
diameter)  constructed  of  7-oz  Nylon  and  3000-lb  ten¬ 
sile-strength  suspension  lines  have  been  deployed 
safely  at  a  deployment  velocity  of  350  knots  under 
nearly  infinite-mass  conditions. 

1.3. 1.7  Remarks.  The  parachute  canopy  itself 
is  relatively  low  in  bulk  and  weight,  but  because  of 
the  required  swivel  (and  loading  of  the  canopy  skirt 
with  weights  for  several  types),  this  parachute  becomes 
bulkier  and  weighs  more  than  do  comparable  ribbon, 
ring-slot,  or  guide-surface  parachutes. 
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1.3.2  VORTF.X  RINC  CANOPY 

1.3.2.1  Canopy  Design.  This  canopy  was  deve¬ 
loped  by  Iturish  Aaaociatee  of  New  York  and  licenaed 
exclusively  to  Pioneer  Parachute  Co.  for  manufacture. 
The  canopy  conaiata  of  four  anil-like  panela  that  ro¬ 
tate  about  its  apex  ill  the  manner  of  a  helicopter  rotor 
in  autorotatioo.  The  gores  are  tailored  and  rigged  with 
linea  ao  aa  to  produce  a  desired  distribution  of  con¬ 
vexity.  A  swivel  minimizes  the  torque  transmitted  to 
the  suspended  load. 

1. 3.2.2  Drag  Coefficient.  The  drag  coefficient 
(■[)  varies  according  to  the  design.  On  types  tested 
(Re?  (3-8)),  it  ranged  from  0.95  to  1.55.  For  preliminary 
calculations,  a  Cpg  value  of  1.30  is  recommended. 


1 .3.2.3  Stability.  The  vortex  ring  canopy  has 
excellent  stability  characteristic'll. 

1.3.2. 4  Opening-Shock.  The  opening-shock  factor 
(infinite-mass  conditions)  is  approximately  unity. 

1. 3.2.5  Remarks.  Data  from  tests  of  this  canopy 
are  insufficient  to  establish  owning  reliability  and 
speed  limitation,  lief  (3-8)  presents  wind-tunnel,  air¬ 
craft  tow,  and  aircraft  drop  test  results  utilized  in 
the  evaluation  of  two  particular  canopy  designs.  He- 
jiresentative  weights  for  a  32-foot  diameter  nominal 
canopy  are  as  follows: 

Canopy  weight  — 9  lb;  and 
Swivel  weight  —0.5  lb. 


ring  canopy  haa 


pening-ahoci  factor 
iproximately  unity, 
enta  of  thin  canopy 
ing  reliability  nml 
Is  wind-tunnel,  nir- 
rcaults  utilized  in 
inopy  drsigna.  II  e- 
t  diameter  nominal 

;  and 

lb. 
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1.4  Miscellaneous  Canopies 

1.4.1  CKNKRAL.  Many  model  and  full-size  cano¬ 
pies  of  shapes  other  than  thoae  discussed,  or  varia- 
tiona  of  those  ahapea,  have  been  built  and  tented. 
Some,  such  an  the  steerable  cunopies,  compare  rea¬ 
sonably  in  their  performance  characteristics  with  the 
type  upon  which  the  modification  was  based.  On  others, 
however,  the  data  are  not  sufficient  to  draw  any  firm 
conclusions  about  their  performance. 

1.4.2  AIRFOIL  CANOPY.  This  canopy  is  de¬ 

sisted  as  a  portion  of  a  sphere  cut  by  two  parallel 
planes  and,  if  projected,  takes  the  form  of  a  circular, 
annular  ring,  with  the  smaller  diameter  at  the  vent.  It 
differs  from  a  circular  canopy  with  a  vent  in  that  the 
ratio  of  the  area  of  the  open  vent  in  an  airfoil  canopy 
to  the  area  of  its  fabric  is  significantly  larger  than  the 
similar  ratio  for  a  regular  circular  canopy.  The  airfoil 
canopy’s  is  approximately  0.85.  The  maximum 

deployment  speed  at  which  little  or  no  damage  occurs 
is  tow  compared  to  those  of  other  designs.  In  addition, 
the  design  of  the  suspension  line  system  is  very  criti¬ 
cal  and,  at  present,  can  he  determined  only  by  drop- 
teat.  Its  bulk  and  weight  are  slightly  higher  than  those 
of  a  flat  circular  parachute  with  comparable  performance. 

1.4.3  FI.AT  NONCIRCULAR  CANOPY.  This  is 
a  general  term  to  describe  a  flat  canopy  whose  shape 
is  a  regular  or  irregular  polygon.  Coefficient  of  drag 
is  sometimes  higher  than  that  of  a  flat  circular  canopy 
of  the  same  area,  but  packing  difficulties  are  numerous. 
Its  opening-shock  is  usually  as  high,  aod  its  bulk  and 
weight  the  same  or  slightly  less,  as  those  of  a  flat 
circular  canopy  with  equivalent  performance,  its  relia¬ 
bility  is  the  same  or  less.  Some  of  these  designs  are 
remarkably  stable.  Manufacturing  costs  are  higher. 

1.4.4  WAKO  CANOPY.  As  originally  designed, 
this  canopy  is  constructed  as  a  hemisphere  composed 
of  a  number  of  ribbons  starting  at  the  skirt,  running 
tangent  to  the  vent,  then  to  the  opposite  skirt,  in 
opposing  pairs.  This  arrangement  is  repeated  around 
the  canopy  as  many  times  as  required,  and  it  results 
in  a  geodetic-type  construction.  Its  balk  and  weight 
are  higher  than  those  of  the  flat  circular  ribbon  canopy. 
Like  nil  ribbon  caaopies.it  depends  upon  slow  opening 
for  its  low  opening-shock  characteristics,  and  upon 
hif^i  geometrical  porosity  for  its  stability. 

1.4.5  STEERABLE  PARACHUTE  CANOPIES. Steer¬ 
able  parachute  canopies  generally  have  been  derived 
by  modification  of  flat  circular  canopies.  A  discussion 
of  steerable  canopies  may  be  found  in  Chap.  5,  Sec.  7, 
Personnel  Parachutes. 


SECTION  2 

DEPLOYABLE  AERODYNAMIC  DECELERATORS 
OTHER  THAN 

TEXTILE  PARACHUTE  CANOPIES 


2.1  Inflotoblo-Balloon  Docalarators.  The  in¬ 
flatable-balloon  decrlertilor  in  a  high-drag,  blunt  body 
fuhricutrd  from  materiul  with  very  low  porosity.  It  is 
deployed  and  either  self-  or  forced-inflated  behind  the 
payload  thut  is  to  be  recovered. 

ITie  requirement  for  inflatable-balloon  decelerutors 
resulted  from  the  problems  associated  with  the  opera¬ 
tion  of  parachutes  at  supersonic  speeds.  The  erratic 
inflation  and  stability  characteristics  of  parachutes  at 
these  speeds  necessitated  the  investigation  of  other 
methods  of  uerodynamic  deceleration. 

The  investigation  of  various  configurations  that 
could  provide  maximum  stability  and  drag  at  minimum 
wright  and  bulk  was  conducted  under  two  programs. 
The  initial  program  was  the  investigation  of  a  forced- 
inflated  spherical  decelerator  capable  of  deployment 
from  i in  ultitude  of  200,000  ft  at  Mach  4.  The  second 
effort  extended  the  performance  requirements  to  Mach 
10  between  120,000  ft  and  200,000  ft  altitudes. 

2.1.1  SPHERIC  All  DECELERATORS.  The  spheri¬ 
cal  configuration  shown  in  Fig.  3-1  was  investigated 
in  wind-tunnel  tests  from  low  subsonic  sperds  up  to 
Mach  3.96  (Ref  (3-33)),  and  in  free  Right  tests  up  to 
Mach  2.1  (Ref  (3-35)).  The  Row  separation,  or  “burble 
fence”,  was  incorporated  to  provide  subsonic  stability. 


Fig.  3-1  Schematic  of  Spherical  Decelerator 
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Tin-  subsonic instuhil i I > ,  in  tlir  siihi  nlic.il  flow  i e^iinc 
(Hey  Holds  number*  lens  than  3.8.r>\  It)  results  from 
llu*  unbalanced  forces  generated  from  I  In*  non-uni  form 
pressure-distribution  variation  caused  !>v  lli«-  unsteady 
releusr  of  vortices  into  th <•  wahr  of  the  decelerator. 
The  burble  fence  positively  trips  the  flow  over  the 
body  from  laminar  to  turbulent  conditions.  In  the 
supercritical  regime,  at  subsonic  and  transonic  speeds, 
the  flow  separates  evenly  aft  of  the  sphere,  resulting 
in  balanced  forces  and  stability.  Positive  flotv-separa- 
tion  occurs  at  supersonic  and  hypersonic  speeds  with- 


Drag  Devices  with  Various  Forebody  Shapes 
at  l ft /ft  ■=  3  and  a  3%  Burble  Fence 


out  lley nolds-nuiiiher  considerations. 

The  effects  of  the  configuration  of  the  primary  body 
and  trailing  distances  on  the  aerodynamic  and  thermo- 
dynaiuir  characteristics  of  the  spherical  decelerator 
were  investigated  in  the  wind  tunnel  up  to  Mach  2.5, 
Fig.  .1-2  shows  the  effect  of  forelmdv  configuration 
(various  si/es  ami  shapes)  on  the  decelerator  drag 
coefficient  (f  j)  is  bused  on  projet  ted  urea  without 
burble  fence).  \  decelerator  of  H.OO  in.  diameter  was 
trailed  at  three  decelerator  diumeters  behind  the  fore- 
bodv.  The  diameter  of  the  burble  fence  wus  0,25  in. 
(apprnvim.itcl v  I)  per  cent  of  the  sphere  diameter)  and 
was  ho  ali'd  I  or.  deg  from  the  nose  •  f  the  sphere. 

( .otisiderat ion  was  given  to  the  variation  in  the 
system  weight  for  various  values  of  ![  f.'n  1  (between 
0.1  and  1(H))  for  high-speed  recovery.  Two  representa¬ 
tive  fabric  weights,  0.5  and  1.0  lb  per  sq  yd  (B  and  16 
oz  per  si]  yd)  were  used  to  determine  system  weights. 
Fibergluss  pressure  containers  with  compatible  valv¬ 
ing  und  hardware  were  used  for  inflation  system- 
weights.  A  .r>00-lb  payload  plus  hardware  and  fabric 
weights  us  well  us  a  drug  coefficient  of  0.92  was  used 
to  calculate  If  .  f.'.jl.  I'ig.  .'1-3  shows  some  calculated 
results  of  this  analysis.  It  may  be  noted  thut  de¬ 
celerator  system  weights  become  impractical  for 
W  Cif  1  less  than  10.  with  the  test  configuration. 


SPHERE  DIAMETER  (FT) 

Fig.  3-3  Spherical  Decelerator  Weight  vs  Diameter 
big-  3-4b  shows  the  final  free-flight  teat  configura¬ 
tion.  This  sphere  has  an  8.9  ft  diameter  and  uses 
0.638  lb  per  sq  yd  (10.2  oz  per  sq  yd)  Dacron-Neoprene 
fabric.  The  total  assembly  weight  is  47.5  lb.  The  de¬ 
celerator  is  fabricated  from  16  gores  with  a  3  per  cent 
burble  fence  attached  us  shown  in  section  A-A  of  big. 
3-4a.  The  weight  of  the  payload  is  distributed  over  the 
inflated  sphere  by  16  equally  spaced,  stranded  steel 
cables  extending  over  the  top  of  the  sphere,  and  taped 
over  as  shown  in  section  C-C  of  Fig.  3-4a.  The  cables 
are  attached  to  a  metal  flange,  which  in  turn  is  attach¬ 
ed  to  a  single  riser  from  the  payload.  Prior  to  de¬ 
ployment,  the  single  riser  is  stored  on  a  deployment 
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Fig.  3-4a  Spherical  Decelerator  with  3 %  fiurble  Fence 
( Sections ) 


reel.  This  deployment  reel  allows  the  drcelerulor  to 
deploy  at  ii  constant  velocity,  thereby  reducing  shock 
loads. 

Inflation  wax  accomplished  with  u  500  iu  in.  fiber¬ 
glass  pressure  liottle,  charged  with  compressed  nitro¬ 
gen  at  l‘>50  psia.  This  results  in  a  fully  inflated  do- 
eelerator  internal  pressure  of  l..r>  psia. 

Mr.  3-5  hIiowh  drnR  coefficients  obtained  on  a 
IruiiHonic  and  supersonic  free  f I i Rh t  text  using  the 
spherical  eonfiRuration.  In  addition,  the  results  of 
Home  wind-tunnel  tests  at  hi rIict  Much  numbers  on  a 
Hphere  with  a  6  per  cent  burble  fence  are  presented 
for  comparison . 

2.2  Conical  Decelerotors.  Illunt  conical  shapes 

were  investiRated  for  application  as  hypersonic 
decelerotors  because  of  their  draR  and  stability 
characteristics.  Solid  cone  models,  with  included 
nose  uiirIcs  of  60  deR,  100  deR,  and  140  deR,  were  in¬ 
vestigated  in  wind-tunnel  tests  at  Much  7  and  IS  (Ref 
(.'1.30)).  It  wus  concluded  that  solid  conical  bodies 
with  included  nose-anRles  up  to  140  deR  were  stable, 
in  the  regime  and  with  the  forebody  configurations 
investiRated.  A  program  to  investigate  flexible  in¬ 
flatable  trailing  conical  bodies  showed  that  instability 
resulted  will)  conicul  bodies  with  included  nose  angles 
greater  than  80  deg  (Ref  (3-31)). 

In  the  inflatable  decelerator  program,  conical  and 
decelerators  with  various  other  shapes  were  investi¬ 
gated  supersonically  (Mach  2.0  to  5.0).  The  initial 
series  of  tests  were  conducted  with  open-front  inlet 
rum-uir  models  and  preinflaled  pressurized  models. 
The  pressurized  models  performed  satisfactorily,  but 
poor  performance  (due  to  air  mass  pulsation  at  the 
inlets)  wus  found  with  the  ram-air  models.  The  ram-air 
models  were  modified  with  inlet  valves  (screen  and 
reed  type)  for  the  second  series  of  tests.  A  side-inlet 
screcn-vulved  RO-deg  conical  Hallute  (one  type  shown 
in  Mg.  3-6)  was  considered  the  optimum  configuration. 
Mg.  3-7  gives  the  drag  results  of  these  tests  (Cp  is 
bused  on  projected  diameter  without  burble  fence). 

The  80-deg  conical  ram  and  preinflated  Ballutes, 
without  burble  fence,  were  tested  at  Mach  10  and  tem¬ 
peratures  up  to  1500  K.  The  models  were  fabricated 
from  Rene' 41  cloth,  impregnated  with  a  high-tempera¬ 
ture  silicone-glass  frits  enuting  to  obtain  a  gas-tight 
cloth.  The  seams  of  the  model  were  joined  by  spot 
welding.  Mg.  3-8  shows  the  drag  coefficients  obtained 
on  these  tests  U'p  based  on  projected  diameter  with¬ 
out  burble  fence).  The  ram-inflated  tests  resulted  in  a 
Cf)  discontinuity  at  an  l/d  of  6.5  which  indicates  a 
critical  value  of  l/d  for  maximum  drag.  The  increuse 
in  C\)  for  the  preinflated  test  resulted  at  an  l/d  of  4. 

The  woven  Rene'  41  cloths  considered  for  the  in¬ 
flatable  decelerator  had  to  meet  the  general  criteria 
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Fig.  3-7  Supersonic  Drag  Coefficients  of  Inflatable 
Decelerators 
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RATIO  OF  RISER-LINE  LENGTH  TO  PAYLOAD  DIAMETER 
/•'ig.  3-H  lhl>rrsimic  Ibait  Data  (\htrh  ID) 
of  a  flexible  doth  capable  of  maintaining  internal 
pressure  to  insure  dimensional  stability  (shape)  anil 
withstanding  temperatures  up  to  1500  )•'.  An  existing 
available  doth  woven  of  1.6  mil  Rene'  tl  wire  (200 
mesh)  was  found  to  be  of  insufficient  strength.  Two 
stronger  do.lis  were  woven  and  evaluated.  The  re¬ 
sults  and  characteristics  of  these  materials  are  pre¬ 
sented  in  Table  11-2. 

TAIH.K  3-2  CII.\H  \C TKHISTICS  Of  TWO  IIKNK' ll 
CI.OTIIS 


CLOTH  \ 

CLOTH  II 

Muteriul 

Itene'  41 

Rene '  41 

Wire  Diameter  (in.) 

Single 

Seven  wire 

0.0021 

strand 

hatch  wire 
0.0015 

Mesh 

200  x  200 

100  x  100 

Hit  Tensile  (psi) 

Warp 

68 

183 

Pill 

96 

193 

Weld  Results  (%  efficiency) 

Warp 

9fl 

100 

Pill 

82 

94 

Cloth  Weight  (oz/yd^) 

8.75 

17.50 

Coating  Required  (oz/yd^) 

8.0 

10.0 

Total  Weight  (oz/yd") 

17.0 

27.0 

The  fabrication  techniques 

for,  and  the 

joint  effi- 

cicocies  of,  these  materials  were  investigated.  \ 
two-row  staggered  spot-welded  pattern  was  estab¬ 
lished  to  join  the  metallic  cloth  gores.  This  technique 


was  recommended  s;iu  e  spot  welding  was  preferable 
to  seam  welding  and  previous  experience  showed  that 
every  wire  normal  to  the  direction  of  loading  must  he 
welded  mid  tear  resistance  is  best  when  the  spots 
are  separated.  \  two-row  staggered  pattern  of  seven 
spots  per  in.  per  row.  used  with  the  Cloth  11  material, 
results  in  joint  efficiencies  equal  to  or  greater  than 
90  j«-r  cent  in  both  warp  und  fill. 

An  evaluation  of  the  doth  weight  versus  inflation 
energy  of  various  inflation  methods  applicable  to  the 
inflatable  deceleratin'  is  presented  in  Hef  (3-31). 
However,  the  success  of  the  ram-iiir  method  in  wind- 
tunnel  tests,  its  obvious  saving  in  weight,  and  its 
elimination  of  the  requirement  for  zero-porosity  doth 
led  to  the  recommendation  that  it  be  used  for  the  de- 
celerator  inflation.  In  the  flight  regime  where  the 
dynamic  pressure  is  insufficient  to  inflate  the  de¬ 
celeratin',  a  light  internal  bladder  inflated  by  residual 
air  may  be  incorporated.  As  the  dynamic  pressure 
increases,  the  ram-air  inflation  pressure  increases 
and  compresses  the  internal  bladder. 

The  estimated  weights  und  sizes  of  inflatable 
KO-deg  ram-air  conical  decrlerators  are  shown  in 
fig.  3-9  os  related  to  dynamic  pressure.  Rene*  4] 
cloth  at  1500°p  is  shown. 

The  following  list  of  design  requirements  for  in¬ 
flatable-balloon  decelerators  was  based  on  the  re¬ 
sults  of  the  analytical  study,  the  experimental  tests, 
and  the  subsequent  final  design  study  (Ref  (3-31)). 

(a)  Cse  a  rum-air.  constant-stress  configuration. 

(b)  Provide  an  apex  nose  angle  of  BO  deg. 

(c)  Provide  a  7  per  cent  burble  fence  located  on 
the  decelerotor  “equator’.’ 

(d)  Provide  side  ram-air  inlets. 

(e)  Make  the  diumeter  of  the  Hallute  greater  than 
the  payload  diumeter. 

(f)  Make  the  length  of  the  tow  line  six  to  eight 
limes  the  payload  diameter. 

(g)  Design  the  fabric  structure  based  on  the  more 
adverse  of  these  two  loading  conditions: 

(1)  Public  differential-pressure  load  ut  peak 

temperature. 

(2)  I'abric  differential-pressure  loud  ut  peuk 

dynamic  pressure. 

(b)  Provide  pressure  relief  to  control  internal  dc- 
celerutor  pressure,  when  required. 

2.3  Spherical  Segment  Type 

2.3.1  ANALYTICAL  INVESTIGATION.  A  unique 
re-entry  concept  in  orbiting  the  earth  applications  has 
been  extensively  investigated,  both  analytically  and 
in  wind-tunnel  tests,  under  the  direction  of  the  Retar- 
daticn  and  Recovery  Branch  of  the  Plight  Accessories 
Laboratory.  This  decelerator  concept  has  become 
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(BASED  ON  PROJECTED  AREA) 


1000 


h'ig.  (-9  Estimated  Inflatable  lleeelerator  K  eiehts 


known  ■■  the  AVCO  Drag  Hrake.  The  device  utilizes 
extremely  light  metallic  cloth-likc  akin  to  encloae  n 
mechanically  expandable  structure  which  in  appearance 
is  very  similar  to  an  inverted  umbrella.  The  concept 


allows  the  payload  container  to  he  behind  the  basic 
structure,  which  protects  the  payload  container  from 
the  extremely  high  temperatures  associated  with  enter¬ 
ing  the  atmosphere  ut  orbital  velocities  (26,000  fpa). 
The  analytical  investigation  has  shown  that  such  a 
concept  permits  controlling  of  the  maximum  re-entry 
temperature  and  deceleration,  und  affords  landing- 
point  control  within  the  orbital  plane. 

2.3.2  1)11  A (>.  The  drag  coefficient  of  the  AVf'O 
Drag  liruke  is  slightly  greater  than  unity  in  the  speed 
regime  above  Mach  1.  In  the  subsonic  speed  regime 
the  drag-brake  Cfi  is  slightly  less  than  for  commonly 
used  subsonic  parachutes  (Fig. 3-10).  It  should  be  noted 
that  the  same  decelerator  body  is  utilized  in  all  flight 
regimes  from  orbital  velocities  to  touch-down;  there¬ 
fore,  maximum  drag-generation  must  be  balanced  with 
other  considerations  such  ns  hcuting  rates,  decelera¬ 
tion  rates,  ana  stubility  throughout  the  flight  regime. 

2.3.3  STABILITY.  I'he  decelerator  design  is 
such  that  the  assembly  is  uerndynamicnlly  stable.  The 
drag  brake,  which  is  essentially  a  spherical  segment, 
has  self-aligning  aerodynamic  moments,  which  lessen 
attitude-control  problems.  The  control  system  and  body 
dynamic  investigations  indicate  that  a  three-axis  on- 
off-rate  damping  system  is  required. 

2.3.4  MATERIALS.  A  detailed  analysis  was 
carried  out  on  a  skin  material.  The  success  of  the 
concept  is  dependent  upon  the  availability  of  a  light¬ 
weight,  foldable  non-porous  material  which  could  with¬ 
stand  the  combined  aerodynamic  loading  and  the  tem¬ 
peratures  associated  with  re-entry  heating.  The  skin 
material  chosen  is  a  200  x  200-mesh  0.0016-in.  diam 
llene’  41  wire  cloth  coated  with  Pyromark.  The  coated 
wire  cloth  weighs  approximately  0.05  psf.  The  Pyro¬ 
mark  coating  is  required  to  reduce  the  porosity  during 
the  relatively  short  time-heat  pulse.  The  cantilever 
arms  or  ribs  are  an  open-truss  Iriungular-shape  design. 
The  rib  members  are  tubular  llene’  41  alloy  and  are 
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joint'll  liv  fusiou-wcbliug  nr  lirn/t'il  clusters. 

2.3.5  OPF.HATIONAI.  MKTIIOI).  The  drug  brake 
in  launched  in  tlie  folilrd  ronfi gurution  with  the  stog- 
nution  |>l it te  facing  the  to|i  of  the  hooNter.  The  com¬ 
plete  drag-brake  assembly  in  protected  from  tlie  niicrnt 
heating  and  dynamic  pressure  by  a  cover  which  is 
jettisoned  after  leaving  the  perceptible  atmosphere. 
The  drag-brake  remains  dosed  during  the  orbiting 
phase.  The  descent  is  initiated  hv  modulating  the 
shape  to  control  the  drag  required  to  give  the  desired 
trajectory.  If  the  re-entry  is  initiated  at  approximately 
UK)  n.m.  (nautical  miles),  the  drag  modulation  is  dis¬ 
continued  about  1000  n.m.  from  the  landing  point  and 
at  an  altitude  above  1)00,000  ft.  Che  drag  brake  re¬ 
mains  in  the  fully  open  shajie  for  the  remainder  of  the 
re-entrv.  The  landing  speed  is  40  fps,  which  is  low 
enough  for  successful  recovery  on  water. 

2.4  Rotor  Blados 

Helicopter-type  rotor  blades  are  currently  being 
investigated  for  use  as  aerodynamic  decelerators.  The 
advantage  of  rotor  blades  is  their  potential  capability 
for  controlluble  descent  und  soft  (near-zero  velocity) 
landing.  The  controlled  descent  is  bused  upon  thr 
uutorotutive  characteristics  of  rotors  during  the  pro¬ 
peller  braking-state  during  descent,  ut  which  time 
drag  coefficients,  based  on  projected  disk  area,  are 
very  similur  to  the  maximum  derived  from  parachutes 
(i.e.,(.'f;f{  -  1,15),  and  lift-drug  ratios  developed  give 
u  significant  gliding  range.  The  kinetic  energy  stored 
in  the  rototing  blades  is  converted  to  lift  to  give  thr 
flured  soft-landing  ability. 

Successful  operation  of  rotor-blude  decelerators  has 
been  achieved  repeatedly  ut  speeds  up  to  Much  0.9  ul 
sea-level  conditions,  Fig,  3-11  shows  representative 
rotor-type  decelerulors.  Controlled  opening-shock  was 
achieved,  and  the  rate  of  descent  was  sufficiently 
low  to  enable  the  dropped  system  to  he  retrieved  in¬ 
tact.  A  typical  rotor-type  decelerator  flight-path  is 
shown  in  Mg.  3-12. 

Illade  designs  other  than  rigid  arc  being  explored  ns 
a  means  of  reducing  both  weight  and  stowage  require¬ 
ments.  Flexible  rotor-blades  appear  attractive  from  the 
stand-point  of  attaining  a  high  ratio  of  specific  impulse 
to  weight-volume  ^\p  ,  comparable  to  the  parachute. 

TT 

A  possible  future  application  of  manned  space- 
capsule  retardation  is  illustrated  in  Mg.  3-13. 

From  Fig.  3-14  it  is  seen  that  for  a  typical  required 
overall  L/D  of  2.0,  a  rotor-recovered  vehicle  may  be 
landed  anywhere  within  a  radius  of  approximately  19 
miles  if  deployment  is  effected  at  50,000  ft.  The  l./D 
of  the  rotor  system  loss  payload  may  be  as  high  as 
five  or  six. 

Typical  drag-coefficients  obtained  during  transonic 


Fif.  3-1 1  Representative  Rotor-Type  Decelerators 


wind  tunnel  tests  of  a  rotor  type  decelerator  at  AEDC 
are  shown  in  Fig.  3-15.  Tip  speed  is  relatively  low 
(350  fps)  for  the  plotted  data.  An  increase  of  tip  speed 
would  have  resulted  in  a  decrease  in  advance  ratio 
(i.e.,  axial  flight  velocity  divided  by  rotor-tip  speed) 
and  consequently  would  have  yielded  higher  drag- 
coefficients  (see  Fig.  3-16).  Fig.  3-16  also  illustrates 
the  effect  of  varying  “solidity,”  which  is  the  ratio  of 
total  blade  area  to  disk  area,  on  the  drag  coefficient. 
Vertical  descent  rates  (vp)  of  rotary  decelerators  are 
chiefly  dependent  on  rotor  disk  loading  (<u)  and  altitude 
(see  Fig.  3-17).  Assuming  the  conditions  (advance  ratio, 
solidity,  etc.)  are  such  that  they  yield  a  drag  coeffi- 
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Fig.  / 2  Typical  Rotor-Made  Flight-path 


cieot  of  1.15,  which  is  reasonable,  let 

T 

C!)K  ‘  1  /'ipvp2M{R)2 

o> 


then,  vp  ?  27 ■Ju>'p~rpj  *  1..U  > 

Hovering  time  of  rotary  aerodynamic  decelerutors  is 
of  significance  because  it  represent**  that  time  in 
which  alternate  landing-sites  may  be  selected  and 
maneuvers  may  be  accomplished,  and  is  directly  de¬ 


pendent  upon  energy-storing  ability  of  the  rotor  blades. 
Fnergy  avaiiubility  varies  directly  with  rotor  diameter, 
rotating  speed  and  weight,  and  indirectly  with  rotor 
disk-loading.  Fig.  ,1-18  showsthr  variance  of  hovering 
time  (At)  with  disk  loading  for  a  constant-energy  re¬ 
quirement  (£//).  This  chart  is  actually  a  cross-plot  of 
u  curve  of  Ffl  vs  At  at  constant  loading,  which  re¬ 
sults  from  the  following  equation: 

F„  (/’/,)  At  -  (r  M  Vo>'2 p  ),\t 

Assuming  V  =-  0.7  and  thrust  (T)  -  2000  lb  and 
p  **  P n.\.  ~  0.002577  lb-sec"/  ft  A 


Recovery-system  weight-volume  relationship  is  con¬ 
sidered  very  important,  inasmuch  as  it  directly  affects 
the  overall  performance  of  a  vehicle  containing  the 
recovery  system.  Typical  weights  of  conventional  heli¬ 
copter  (rigid)  blades  and  huh  (including  the  mechanical 
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hip.  3-10  Kotor  Drag  vs  idtance  Ratio 


h'ip.  3.14  Range  vs  l./l)  and  Altitude 


hip-  3-1?  Kate  of  hescent  vs  Altitude  and  Risk  hooding 


Eig.  )-lfi  Disk  Loading  vs  Hovering  7 ime  at  (.onstant 
Energy  Requirement 

control  system)  and  the  ratio  of  rotor-froup  weight  to 
helicopter  gross-weight  are  plotted  us  Fig.  3-10.  How¬ 
ever,  the  additional  control  and  stabilization  equipment 
required  on  a  rotary-decelerated  vehicle  would  tend  to 
increase  the  weight  of  the  total  recovery-system  by 
several  percent  of  the  gross  weight.  It  should  be  re¬ 
membered  that  the  above  churl  represents  rigid  rotor- 
system  weights  If  a  flexible  rotor-system  is  utilized, 
a  weight-saving  of  40-50  per  cent  might  be  realized. 
However,  the  feasibility  of  using  flexible  rotors  ns 


either  lifting  or  decelerating  devices  is  yet  to  be 
proven. 

Two-dimensional  theories  of  flexible  airfoils  at 
subsonic  and  supersonic  airspeeds  have  been  devel¬ 
oped  and  are  presented  in  lief  (3-34). 

bindings  to  date  indicate  thul  flexible  rotor-system 
weight  vuries  in  proportion  to  the  cube  of  the  rotor 
radius.  Sumple  flexible-blade  weights  for  a  rotor  with 
a  40-ft  diameter  are  shown  in  Table  3-3;  these  weights 
have  been  calculated  from  the  expression  Wft  *•  KR 3, 
where  the  factor  A  varies  with  rotor  tip  speed  accord¬ 
ing  to  big.  3-20. 

TAIll.F  3-3 

SAMIM.K  bl.KMHIi:  III.ADK  WKIGHTS  FOR 
40-FT-W  AMbTKH  ROTOR 
(A*  -  20  ft) 


Tip  Speed 

Blade  Kt. 

(1  f)  fps 

df  /{)  lb. 

400 

48.2 

500 

.50.5 

600 

55.8 

An  example  of  flexible-rotor  weight  variance  with 
blade  radius  at  a  constant  tip  speed  is  indicated  in 
big.  3-21. 

Typical  weights  for  rigid  bludrs  of  the  11-21,  H-37, 
11-16.  and  11-34  helicopters  are  superimposed  on  the 
curve  in  Fig.  3-21  (indicated  by  circled  dots)  to  illus¬ 
trate  that  flexible-rotor  weights  will  equal  or  ex- 


100 


VT  <(p.) 


Rig.  3-20  Flexible  Rotor  Scaling  Factor  vs  Tip  Speed 

ceed  those  of  rigid-rotor  weights  after  a  specific  rotor 
radius  is  attained.  The  weight-to-thruat  ratio,  which 
is  approximately  equivalent  to  the  ratio  of  the  flexible- 
rotor  recovery-ayatem  weight  to  recoverable-vehicle 
gross  weight  (Wrs/W)  is  plotted  against  airfoil-aection 
lift-coefficient  for  constant  tip-speed  in  Fig.  3-22. 

In  the  above  plot,  the  rotor-system  weight  includes 
wei  ghts  of  hub,  control  system,  deployment  and  re¬ 
traction  system,  etc.  The  latter  weight  has  been  deter- 


Fig.  3-22  Recovery  Sys tcm/ Vehicle  Weight  Ratio  vs 
Lift  Coefficient 

mined  to  be  equivalent  to  approximately  20  per  cent  of 
the  total  rotor-tip  weight. 

Two-dimensional  wind-tunnel  testa  of  flexible, 
fabric  airfoil  sections  were  conducted  May  1961  in  the 
Drown  University  9 x 9-in.  transonic-supersonic  wind 
tunnel  throughout  a  Mach-number  range  from  0. 1  to 
0.7S_  and  lleynolds-number  range  from  4.4  xlO1’  to  7.8 
x  10  ’,  to  determine  the  aerodynamic  characteristics  of 
such  sections.  Dosed  upon  this  experimental  investi¬ 
gation  and  comparisons  with  theoretical  predictions, 
it  has  been  concluded  that: 

(1)  Flexible  airfoils  develop  less  lift  due  to  camber 
than  theoretically  predicted,  and  their  centers  of  pres¬ 
sure  at  zero  angle-of-attack  are  generally  toward  the 
midchord; 

(2)  Lift-curve  slopes  of  the  airfoils  are  in  ppod 
accord  with  flexible-airfoil  theory; 

(3)  Separation  exists  over  the  rear  of  the  airfoil  sec¬ 
tions  at  high  cambers  (i.e.,  IS  per  cent); 

(4)  Sections  of  5  and  10  per  cent  camber  develop 
maximum  lift-drag  ratios  of  20;  however,  fabric  per- 


Fig.  3-23  Lift-Drag  Relationship,  Flexible  Airfoils 
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meability  can  reduce  these  ralioa  to  one-half  of  thin 
figure,  and  has  a  significant  effect  on  the  aerodynamic 
efficieacy  of  the  overall  section;  and 

(•5)  Airfoil-section  fabrication  techniques  can  signi¬ 
ficantly  affect  the  performance  derived. 

It  ia  believed  that  flexible-airfoil  sections  having  u 
lower  fahric  permeability  (e.g.,  less  than  1,0  cfm,  under 
0.5  in.  Hj»0),  and  tested  at  substantially  (pester  Hey- 
nolds  numbera  would  display  greater  aerodynamic  effi¬ 
ciency.  liepreaentalivr  curves  are  displayed  as 
3-2.1. 

The  airfoil  characteristics  of  the  flexible  sections 
have  been  compared  with  those  derived  from  other 
solid,  thin,  cambered  airfoils.  The  Kiffel  and  Gottingen 
airfoils  have  attained  maximum  L/D’s  of  20  and  HO 
respectively.  A  comparison  of  the  three  types  of  air¬ 
foils,  all  huving  10  per  cent  camber,  is  shown  in  the 
following  table: 


Type 

'Anin 

^"^max 

Fabric  Airfoila 

0.0231 

0.493 

20.4 

Gottingen  Airfoils 

0.026 

0.96 

41.7 

Kiffel  Airfoils 

0,070 

1.00 

14.3 

The  material  of  which  the  flexible  rotor-blade 
consists  must  be  highly  flexible.  In  addition,  it 
should  possess  high  tear-strength  in  both  radial  and 
tnngential  directions;  ease  of  fabrication;  low  poro¬ 
sity;  aerodynamic  smoothness;  resistance  to  abrasion, 
kinking,  and  aerodynamic  oacillation;  durability  in  the 
presence  of  heat  and  moisture;  low  weight;  and  dimen¬ 
sional  stability.  For  extremely  high-temperature  appli¬ 
cation,  a  high-temperature-resistant  metal  cloth  woven 
from  multifilament  yarn  of  metallic  alloy  such  as 
llene*  41  would  be  required. 


RKFKRKNCKS 

(3-1)  Stimler,  F.S.  and  Hobs,  R.S.,  IVop  Tests  of 
16,000  Square  Inches.  Model  Parachutes,  Volume 
VIII,  AF  TR  5867,  May  1954. 

(3-2)  Foote,  Dr.  J.R.  and  Giever,  Ur.  J.H.,  Study  of 
Parachute  Opening,  Phase  I,  WADC  TR  56-253, 
ASTI  A  NO.  110  675,  September  1956. 

(3-3)  Downing,  Or.  J.R.,  Arenaon,  D.l..,  and  McClow, 
Jr.,  J.H.,  Recovery  Systems  for  Missiles  and  Tar¬ 
get  Aircraft,  Subsonic  Sled  Test  Phase,  AF  TR 
5853,  Part  I,  March  1954. 

(3-4)  Kngstrom,  R.A.  and  I.ang,  R.P.,  Performance 
of  Trailing  Aerodynamic  Decelerators  at  High 
Dynamic  Pressures,  Phase  IV,  WADI)  TR  58-2B4, 
Part  IV,  June  1961. 


(3-5)  Pedersen,  P.K.,  Study  of  Parachute  Performance 
at  Low  Supersonic  Deployment  Speeds:  (Effects  of 
(Changing  Scale  and  Clustering,  ASI)  TR  61-186, 
May  1961. 

(3-6)  Test  and  (Evaluation  of  24-Foot  Hemispherical 
"lla sc  bull"  Parachute,  Report  No.  502B-49-2,  II.S. 
Naval  Parachute  (Experimental  Unit,  Naval  Air 
Station,  FI  Centro,  Calif. 

(3-7)  Tent  and  Fvaluation  of  Hemispherical  “Rase- 
ball”  Retarding  Parachutes,  Report  No.  5018-49-4, 

II. S.  Naval  Parachute  Fxperimental  Unit,  Naval 
Air  Station,  FI  Centro,  Calif. 

(3-H)  Gross,  R.S.,  Riffle,  A.R.,  Performance  (Evalua¬ 
tion  of  the  Vortex  Ring  Parachute  Canopy,  ASI) 
I  II  61-410,  June  1961. 

(3-9)  Kngstrom,  11.11.,  Performance  of  Trailing  Aero¬ 
dynamic  Decelerators  at  High  Dynamic  Pressures, 
Phases  V  and  VI,  WADI)  TH  58-28*.  Part  V.  May 
1961. 

(3-10)  Downing,  Dr.  J.R.,  McClow,  Jr.,  J.H.,  Haw¬ 
kins,  Dr.  11.  V.,  aad  Fredetle,  R.O.,  Recovery  Sys¬ 
tems  for  Missiles  and  Target  Aircraft,  Subsonic 
Free  Flight  Validation  Test  Phase,  AF  TR  5853 
Part  II,  March  1955. 

(3-11)  Pounder,  ('Edwin,  Parachute  Inflation  Process 
Wind-Tunnel  Study,  Part  1.  Infinite  Mass  Case, 
WADC  TN  56-326,  AD  97182,  J  uly  1956. 

(3-12)  Pounder,  Kdwin,  Parachute  Inflation  Process 
Wind-Tunnel  Study,  WADC  TR  56-391,  AD  97180, 
September  1956. 

(3-13)  Knacke.T.,  and  llegele.  A.,  Model  Parachutes, 
Comparison  Tests  of  Various  Types,  Memorandum 
Report  MCRF.XK-672-12R,  12  January  1949. 

(3-14)  F.wing,  K.G.,  A  Study  to  Kstablirii  a  Para¬ 
chute  Research  and  Development  Program,  Vol.  D, 
WADC  TR  51-78,  Vol.  II,  AD  110  452,  August  1953. 

(3-15)  Kwing,  K.G.,  A  Study  to  Kstablish  a  Para¬ 
chute  Research  and  Development  Program,  Vol. 

III,  WADC  TR  53-78,  Vol.  Ill,  Al)  110  453,  August 
1953. 

(3-16)  Heinrich,  II.G.  and  Scipio,  I.. A. .Performance 
Characteristics  of  F.xtended  Skirt  Parachute, 
WADC  TR  59-562,  October  1959. 

(3-17)  Freeman,  H.F.,  and  Rosenberg,  C.W.O.,  I., 
High  Altitude  and  High  Airspeed  Tests  of  Standard 
Parachute  Canopies,  AFFTC  TR  58-32,  AD  152 
286,  October  1958. 

(3-18)  Ciffren,  A.,  and  Swenson,  W.A.,  Study  and  De¬ 
velopment  of  Parachutes  and  Systems  for  In-Flight 
landing  Deceleration  of  Aircraft,  Part  II,  Deve¬ 
lopment  and  Test  F.vsluation  of  the  Ring  Slot 
Parachute,  WADC  TR  57-566,  Part  n,  AD  155  707, 
January  1959. 

(3-19)  Heinrich,  II. G.,  Parachutes,  Guide  Surfsce, 
Memorandum  Report  No.  MGR  KXF-672-25F,  ATI 


111 


No.  289.1:,.  Fehruiirv  1948. 

(.1-20)  Mulilcr,  W.C.,  Parachute;  Airfoil  Type,  I Vr- 
formunce  of,  Memorandum  Report  No,  \K ' 111-' \ }••- 
672-19T.  ,| unuiirv  I'm. 

(3-21)  Wilder,  S.H.,  Model  Parachute  IVh|  in  Vertical 
Wind  Tunnel  ill  Wright  Air  Development  Tenter, 
W  ADC  I'll  48-279,  M)  20 1  121,  September  19.48. 

(.'5-22)  kniicke,  I'.,  FIST  Type  Parachute,  Design. 
I'sr  and  Conatrurtion  of.  Memorandum  Deport  No. 
MCRKXK-6?2-19|.l  ,  June  P>18. 

(3-23)  kiker,  J.W  .,  11-47  Approaeii  Control  I'ararliiite. 
W'ADC  IN  .44-18,  Julv  19.64. 

(4-24)  Heinrich,  II. C.,  Verody  muni  «•»,  Performance 
and  Design  of  Personnel  Cuide  I’araclmte,  Memoran¬ 
dum  Deport  No.  WCFb  -67  2- 1 44- A -9-1,  November 

lor.i, 

(3-24)  Mubler.  W I'oroaity,  Fffect  of,  on  Parti- 
ehute  Opening,  VICIIKXK-672-2A,  December,  1040. 

(4-26)  Craham,  I  .H.,  46-ft.  Nomina!  Diameter  Para¬ 
chute  with  I0ri  Kvtended  Skirt.  Technical  Note 
l-TI.  44-17.  August  1064. 

(4-27)  Cimalowaki,  K.A.,  Development  of  a  Pinal 
Stage  Decoverv  System  for  a  10,000  pound  Weight. 
W  AIK!  ril  60-100,  December  1048. 

(3-28)  Pwing,  K.(>..  Rings  nil  Parachute  Characteris¬ 
tics,  Dndioplunc  Deport  No.  PTM-.123-A,  January 
1961. 

(3-29)  Ciffrin,  A.,  Aerodynamic  Appraisal  of  the 
llotofoil,  lladioplane  Deport  No.  633,  March  19.42. 

(3-30)  Chompney ,  W.H.,  Athans,  J.H.,  Maverson,  C.D., 
A  Studv  of  Hypersonic  Aerodynamic  Drag  Devices, 
W'ADC  TR  49-324  Part  II.  June  1961. 

(3-31)  Alexander,  W.C.,  Investigation  to  Delennine 
the  Feasibility  of  I’sing  Inflatable  Dalloon  Type 
Drug  Devices  for  Recovery  Applications  in  the 
'Transonic,  Supersonic,  and  Hypersonic  Might 
Regime,  Purl  II.  ASD-TDD-62-702,  (to  be  pub¬ 
lished). 

(3-32)  Pcnzand,  J.A.,  Aerodynamic  Force  Charac¬ 
teristics  of  a  Series  of  Lifting  Cone  and  Cone- 


Cylinder  Configurations  at  a  Mach  Number  of  6.83 
and  Angle  of  Attack  up  to  130-deg,  NASA-TN-D- 
810.  June,  1961. 

(3-3.3)  \ehiker,  F.D.,  Feasibility  Study  of  an  In¬ 
flatable  Type  Stabili/ation  and  Deceleration  System 
for  High- Altitude  and  High  Speed  Recovery,  >\  AIM) 
TD  60-182,  Deceinbei  1961. 

(3-34)  Nielsen.  J.N.,  Darnel  1,  J.A.,  and  Sacks,  A. II. 
Investigation  of  Hexible  Dolor  Systems,  Results 
of  Phases  I  and  II,  ASD- ’I’D -61 -600,  Sept.  1961, 

(.3-34)  Aebisher,  A .(..,  Investigation  to  Determine 
the  Feasibility  of  I  sing  Inflatable  Halloon  Type 
Drag  Devices  for  Recovery  Applications  in  the 
Transonic,  Supersonic,  and  Hypersonic  llight 
Regime.  Part  I,  ASD-TDR-62-702.  (To  he  pub¬ 
lished). 


I1IHI  .IOCIIA  Pin 

kovser,  L.l).,  Pressure  Distribution,  Heat  Tnuis- 
fer,  mid  Drug  Tests  on  tbe  (>o»d\ear  Hullute  at  Mach 
10.  All  DC- IDR -62-39,  March  19t,2. 

kavser.  I..I).,  Investigation  of  Landing  Point 
Control  of  He-Knlrv  Vehicles  I  tili/ing  Auriahle  Area 
Aerodynamic  Decelerutors  Incorporating  Lift,  \SI)» 
TDR-62-2H7,  April  1962. 

Pen/.and,  J.A.,  Aerodynamic  Force  Characteris- 
tics  of  a  Series  of  Lifting  Cone  and  Cone-Cylinder 
Configurations  at  a  Much  Number  of  6.83  and  Angle 
of  Attack  up  to  130-Degrees.  N  AS  A- TN-D-840,  June 
1961. 

Coats,  J.D.,  Stutic  and  Dynamic  Testing  of  Coni¬ 
cal  Trailing  Decelerators  for  the  Pershing  Re-Kntrv 
V  ehicle.  AHDC-'TI)-60-188.  October  I960. 

Chure/enkon,  N..  McShera,  J.T..  Aerodynamic 
(.haracteristics  of  lowed  Cones  Psrd  as  Decelerutors 
at  Mach  Numbers  1.47  to  4.64.  N  ASA-TN-D-994, 
December  1961. 

Tyndall.  R.R.,  Preliminary  Qualitative  Kvalualion 
of  a  Stored  Knergy  Recovery  System,  W\  DC  TN  .49-267, 
July  1949. 

'Tyndall,  H.R..  Analytical  and  Kmpiricul  Investiga¬ 
tion  of  a  Completely  Flexible  Rotor  lllade,  ASD 
Technical  Memorandum  ASRMPT-TM-628,  March  1962. 


112 


CHAPTER  4 

AERODYNAMIC  AND  OPERATIONAL  CHARACTERISTICS  OF 
DEPLOYABLE  AERODYNAMIC  DECELERATORS 

Table  of  Contents 

Section  I'rti’e 

1  GKNF.lt  Al.  122 

2  lilt:  ATMOSPIIKRF.  122 

2.1  Properties  of  the  Kurth’s  Atmosphere  123 

2.1.1  \limiH|ilirri('  llrnitilr  123 

2.1.2  Ambient  Temperature  125 

2.1.3  Atinospherii  Composition  125 

2.1.4  lonoaphere  127 

2.1.5  R  inds  uml  Turbulence  128 

2.2  K.arth  Cruvitv  128 

2.3  environments  of  Other  Planets  12*) 

2.3.1  WnuH  129 

2.3.2  Mars  130 

3  K.FFK.C.TIVK.  POROSITY  OF  TF.XTII.K  MATK.KIAI.S  131 

3.1  Definition  of  effective  Porosity  132 

3.2  Measurements  of  Kffective  Porosity  133 

3.3  Sample  Calculation  140 

4  SNATCH  I'OHCK.  141 

4.1  Derivation  of  K.nergy  Cquution  141 

4.2  Derivation  of  Velocity  Kquution  T43 

4.2.1  Kquations  for  Velocity  at  Deployment  Initiation  133 

4.2.2  Kquations  for  Velocity  at  Suspension-Line  Stretch  144 

4.2.3  K.xample  of  Snatch -Korce  Calculation  146 

4.3  Measures  to  Deduce  Snatch  Force  148 

5  FILLING-TIMF.  AND  OPF.NING-SIIOCK  OK  CANOPIKS  14P 

5.1  Opening-Shock  of  Canopies  Under  Finite-Mass  Conditions  14Q 

5.1.1  Solid  Cloth  Textile  Canopies  449 

5.1.2  Canopies  with  Inherent  Geometric  Porosity  162 

5.2  Opening-Shock  of  Canopies  Under  Infinite-Mass  Conditions  162 

5.2.1  Killing  Time  I63 

5.2.2  Opening-Shock  16,q 

6  AK.HODYNAMIC  DRAG  I65 

6.1  Introduction  I65 

6.2  Aerodynamic  Drag  of  Canopies  I65 

6,2.1  Tangential-Force  Coefficients  of  Canopies  165 


113 


Section  l>aRr 

6  AERODYNAMIC  l)lt  AC  (Cant'd) 

6.2.2  Effects  nf  Clotli  Permeability  165 

6.1)  Tlx*  Descending  Canopy  170 

6. .‘1.1  The  (•lilting  Parachute  Canopy  172 

6. 3.2  The  Oscillating  Parachute  Canopy  173 

6.3.3  'ITie  Hale  of  Descent  173 

6.4  Effects  of  Mach  Number  174 

6.5  Effects  of  Reynold)*  Number  179 

6.6  Effects  of  Clustering  1B1 

7  DR  AO- A  REA  CONTROL  183 

7.1  Application  of  Drag-Areu  Control  183 

7.2  Reefing  Methods  Used  for  Controlling  Drag  Area  183 

7.3  Reefing  Linen  184 

7.4  Multiple  Reefing  185 

7.5  Reefed  Inflation  Characteristic))  185 

7.6  Calculations  for  Skirt  Reefing  for  Flat  Circular  Canopies  185 

7.7  Skirt-Reefing  of  Extended-Skirt  Canopies  186 

7.8  Reefed  Supersonic  Parachutes  187 

7.9  Reefing  Rings  188 

8  CANOPY  PRESSURE DISTRIBUTION  188 

8.1  Inflated  Canopy  —  Pressure  Distribution  in  Subsonic  and  Transonic  Flow  188 

8.2  Inflated  Canopy  —  Pressure  Distribution. in  Supersonic  Flow  193 

8.3  Inflating  Canopy  —  Pressure  Distribution  in  Subsonic  Flow  196 

9  CANOPY  STRKSS  DISTRIBUTION  198 

9.1  Definitions  and  Determination  of  Rasic  Working  F.quations  for  Cord-Line  Profile  198 

9.2  Cloth  Stress  as  Function  of  the  Core  Bulge  and  the  Differential  Pressure  201 

9.3  The  Method  of  Stress  Analysis  203 

10  PRIMARY-HODY  WAKE  FFFKCTS  204 

10.1  Subaouic  Flow  204 

10.1.1  Theoretical  Approach  for  Determining  Velocity  and  Pressure  Distribution  in 

Wake  of  Primary  Bodies  of  Revolution  204 

10.1.2  Drag  Reduction  on  a  Secondury  Body  Due  to  Wake  of  a  Primary  Body  210 

10.2  Transonic  and  Supersouir  Wake  211 

10.2.1  Weke  Behind  Bodies  of  Revolution  211 

10.2.2  Supersonic  Wake  Prediction  215 

10.2.3  Drag  Reduction  of  Secondary  Bodies  in  the  Wake  of  Primary  Bodies  217 

10.2.4  System  Drag  218 

11  PARACHUTE  STABII4TY  224 

11.1  Static  Stability  225 

11.1.1  Normal-Force  and  Moment  Coefficients  of  Various  Canopy  Types  226 

11.1.2  Effects  of  Cloth  Permeability  (Effective  Porosity)  226 

11.1.3  Static  Stability  Determination  Through  Flow  Visualization  227 


114 


Section 


/‘“Hi¬ 
ll  l  AHACIIllTKSTAHIIJTY  (Coat'd) 

11.2  Dynamic  Stability  228 

11.2.1  Kquulion  uf  Motion  of  u  1‘uriiehutc  iih  a  lligid  llody  229 

11.2.2  Frequency  Kquulion  of  tin*  System  of  liquations  of  Motion  230 

11.2.3  Sample  Calculation  for  j  Sluiirully  Stably  Canopy  242 

12  AKRODYNAMIC  IIKA'IINC;  252 

12.1  Knergy  liquations  252 

12.1.1  Knergy  flow  Into  Canopy  by  (ion veetion  253 

12.1.2  Convective  Heat-Transfer  Coefficient  253 

12.1.3  Knergy  b  low  into  Canopy  from  Solar  llndiution  254 

12.1.4  Knergy  I.ohh  from  Canopy  by  Radiation  to  Spore  254 

12.1.5  Knergy  I.ohh  from  Canopy  by  Radiation  to  the  blurth  257 

12.1.6  Knergy  Stored  by  Canopy  257 

12.1.7  Total  Knergy  Hal  ante  257 

12.2  Sample  Calculations  257 

12.2.1  Case  I  258 

12.2.2  Caae  II  258 

13  RKI.IAmi.ITY  259 

13.1  Reliability  Requirements  259 

13.2  Cauaea  of  Unreliability  260 

13.3  Reliability  AHaeaament  262 

13.3.1  Definition  of  Reliability  262 

13.3.2  Reliability  Diatributiona  263 

13.3.3  Single-Use  va  Multiple-liar  263 

13.3.4  Overall  System  Reliability  264 

13.3.5  Component  Reliability  Analysis  266 

13.4  Reliability-AancHsment  Interpretation  270 

13.5  Reliability  Improvement  271 

References  271 

Illustrations 

Number 

4-1  Mean  Molecular  Weight  vh  Altitude  123 

4-2  Pressure  vh  Altitude  125 

4-3  Mhhh  Density  vs  Altitude  125 

4-4  Sound  Speed  vh  Altitude  125 

4-5  Kinematic  Viscosity  vh  Altitude  126 

4-6  Coefficient  of  Viscosity  va  Altitude  126 

4-7  Coefficient  of  Theimal  Conductivity  vs  Altitude  126 

4-8  Altitude  vs  Temperature  126 


115 


Illustrations  iCimt'A) 


\urnhrr  Parr 

4-0  Altitude  vs  Klectron  Density  127 

t- 10  Menu  Wind  Speed  in  Upper  Atmosphere  127 

VII  Probability  Oeeurrenee  of  Kxtrei.ie  .’KMVO-fl  Shears  with  Height  12- 

4-12  Atimmphrrie  Pressure  on  Mum  129 

VlD  Atmosph eri c  Temperature  of  Alum  1 29 

•H  I  Nmninul  Porosity  of  1’nrui  hute  ( doth  Materials  vs  Differential  Pressure  131 

4-15  Derivation  of  the  Term  Kffeetive  Porosity  132 

4-16  Kffeetive  Porosity  vs  Differential  Pressure  132 

4-17  Mieroseopie  Pictures  of  hour  (ienerally-l'sed  Parachute  (doth  Materials  132 

4-18  Kffeetive  Porosity  vs  Density  Ratio  (AIR  .-C-7020  H,  Type  I)  134 

•4-19  Kffeetive  Porosity  vs  Density  Ratio  (Mil. -0-7.450  D,  Type  I)  134 

4-20  Kffeetive  Porosity  vs  Density  Ratio (MIL-C-8021  .A,  Type  I)  133 

•4-21  Kffeetive  Porosity  vs  Density  Ratio  (Mil  ,-(1-8021  4,  Type  ID  133 

4-22  Kffeetive  Porosity  vs  Pressure  llutio  (Mil  .-0-7020  D,  Type  I)  136 

4-2.1  Kffeetive  Porosity  vs  Pressure  RatiofMlI  .-C-7350  R.  Type  I)  13® 

4-24  Kffeetive  Porosity  vs  Pressure  Rati o (Mil .-C-8021  4,  Type  I)  13‘ 

4-25  Kffeetive  Porosity  vs  Pressure  Ratio  (Mil  .-(1-8021  A.  Type  II)  13? 

4-26  Kffeetive  Porosity  of  a  Wire  Screen  vs  Density  Ratio  13® 

4-27  Kffeetive  Porosity  of  a  Wire  Screen  vs  Pressure  Hntio  133 

4-28  Density  Kxponent  vs  Pressure  Ratio  for  MII.-C-7020  B,  Type  I,  40  lb/in.  Nylon  Cloth  13^ 

4-29  Density  Kxponent  vs  Pressure  Ratio  for  Mil  .-C-7350  D,  Type  I,  90  Ib/in.  Nylon  Cloth  139 

4-30  Density  Kxponent  vs  Pressure  Ratio  for  MII.-C-8021  A,  Type  1,  200  lb/in.  Nylon  Cloth  140 

4-31  Density  Kxponent  vs  Preusure  Ratio  for  MII.-C-8021  A,  Type  II,  300  lb/in.  Nylon  Cloth  140 

4-32  Force  vs  Time  in  the  Opening  of  a  Standard  28-ft  Canopy,  at  260  Knots  141 

4-33  Force  vs  Time  in  the  Opening  of  a  Standard  28-ft  Canopy  with  Reefing  Rings,  at  260  Knots  141 

4-34  Representation  of  Length  of  Suspension  Lines  Hehind  Primary  Body  142 

4-35  Trial-and-Krror  Solution  for  tj  145 

4-36  Calculation  Sheet  to  Determine  t£  147 

4-37  Force  vs  Time  of  a  28-ft  Flat  Circular  Canopy  (No  Rag  Deployment)  148 

4-38  Force  vs  Time  of  a  28-ft  Flat  Circular  Canopy  (Rag  Deployment)  14fl 

4-39  Shape  of  Fully  Inflated  Canopy  1,50 


116 


Illustrations  H  unt’ll) 


\tinihrr  l‘ai(e 

1-10  Canopy  Sliiipt*  During  Inflation  150 

1-11  Diameter  of  Canopy  Mouth  During  Inflation  151 

4-12  Canopy  Volume  During  Inflation  151 

4-43  Approximation  of  Terms  in  Equal ion  of  Motion  156 

1-11  Sample  Calculation  Sheet  for  Determining  Instantaneous  Cunopy  Volume  158 

1-15  Instantaneous  Volume  of  the  Cunopy  as  a  Function  of  the  Dimensionless  hilling  l  ime  160 

•1—16  V  vs  tj,  ami  the  lletermiaution  of  Proper  hilling  Time  160 

1-17  Sample  Calculation  Sheet  for  Maximum  hon  e  vs  I  tj  161 

1-18  Values  of  the  Parachute  Force  ami  Determination  of  the  Opening-Shock  162 

1-19  Variation  of  Ratio  of  hilling  Time  to  Diameter  with  Snatch  Velocity  16.1 

1-50  Variation  of  Ratio  of  hilling  Time  to  Diameter  with  Snatch  Velocity  161 

•1-51  Tangent  h’orce  (inefficient  vs  Angle  of  Attack  for  Circular  h  int  Cloth  Type  Canopy  166 

1-52  Tangent  Force  Coefficient  vs  Angle  of  Attack  for  10%  Flat  Extended  Skirt  Cloth  Type  Canopy  166 

1-5.3  Tangent  h'orce  Coefficient  vs  Angle  of  Attack  for  14.3%  Full  Kxtrndrd  Skirt  Cloth  Type  Canopy  167 

•1-51  'Tangent  h’orce  Coefficient  vs  Angle  of  Attack  for  Conical  Cloth  Type  Cunopy  167 

•1-55  'Tangent  Force  Coefficient  vs  Angle  of  Attack  for  Personnel  Guide-Surface  Cloth  Type  Canopy  168 

1-56  Tangent  Force  Coefficient  vs  Angle  of  Attack  for  Ribbed  Guide-Surface  Cloth  Type  Cunopy  168 

1-57  'Tangent  Force  Coefficient  vs  Angle  of  Attuck  for  Ribless  Guide-Surfucr  Cloth  Type  Canopy  169 

1-58  Tangent  Force  Coefficient  vs  Angle  of  Attack,  Ring  Slot  Type  Canopy  of  20%  Geometric 

Porosity  169 

•1-59  Tangent  Force  Coefficient  vs  Angle  of  Attack,  Ribbon  Parachute  of  20%  Geometric  Porosity  169 

l-60a  Tangent  Force  Coefficient  vs  Angle  of  Attack  of  Various  Canopies  —  Circular  Flat  170 

1-60 b  Tangent  Force  Coefficient  vs  Angle  of  Attack  of  Vurious  Canopies  —  10%  Fxtended  Skirt  170 

l-60c  Tangent  Force  Coefficient  vs  Angle  of  Attack  of  Various  Canopies  —  Personnel  Guide-Surface  171 

1-61.  Tangent  Force  Coefficient  at  Stable  Angie  of  Attack  as  a  f  unction  of  effective  Porosity  for 

Several  Canopy  Types  171 

1-62  Drag  Coefficient  at  Zero  Angle  of  Attack  us  a  Function  of  F.ffective  Porosity  for  Several 

Canopy  Types  171 

4-63  General  equilibrium  Conditions  172 

4-64  Variation  of  the  Coefficient  of  Effective  Drag,  Cr*  ,  as  a  Function  of  Rate  of  Descent  173 

1  o  (eff) 

4-65  Density  and  Gravity  Ratios  as  a  Function  of  Altitude  174 

4-66  Comparative  Performance  Characteristics,  Captive  (Rocket  Sled)  Tests  175 


117 


Illustrations  (Cant'd) 


Number  I’w 

4-67  Drag  Coefficient  va  Mach  Number,  Rigid  and  Flexible  Type  Canopies  176 

4-68  Required  Theoretical  Canopy  Porosity  to  Achieve  Stable  A  irflow  Conditions  (Canopy 

Diameters  l>0  <6  ft)  177 

4-69  Comparative  Drag  Coefficient*  for  Varioua  Ribbon  Type  Canopy  Deaigna  |7B 

4-70  Drag  Coefficient  v«  Much  Number,  liemiaflo  Ribbon  i'ype  Canopy  (Free-Flight  Tent)  1 79 

4-71  Area  Ratio  va  Mach  Number,  liemiaflo  Ribbon  Type  Canopy  (Free-Fligbt  Teat)  179 

4-72  Drag  Coefficient  va  Area  Ratio,  liemiaflo  Ribbon  Type  Canopy  (Pree-Plight  Teal)  179 

4-73  Cp  va  q,  liemiaflo  Ribbon  Type  Canopy  (Free-Klight  Test)  180 

4-74  effective  Drag  Coefficient  va  Reynolds  Number,  Flat  Circular  Solid  Cloth  Type  Canopy)  180 

4-75  Drag  Coefficient  va  Reynold*  Number,  liemiaflo  Ribbon  Type  Canopy  (Free-Flight  Teat)  181 

4-76  Area  Ratio  va  Reynolds  Number,  liemiaflo  Ribbon  Type  Canopy  (Free-Flight  Test)  181 

4-77  Average  Decreasing  Drag  Coefficient  Ratio  for  Flat  Circular  Solid  Cloth  Type  Canopies  in 

Clustered  Configurations  181 

4-78  Performance  Characteristics  of  Flat  Circular  Ribbon  Type  Canopiea  in  Triple  Cluster 

Configuration  182 

4-79  Reefing  Methods  —  System  I  183 

4-80  Reefing  Methods  —  System  11  183 

4-81  Reefing  Methods  -  System  III  183 

4-82  Vent  Reefing  Forces  in  the  Parachute,  Suspension  Lines  and  Control  Lines  184 

4-83  Skirt  Reefing;  Reefing  Line,  Control  Line,  and  Skirt  Opening  Forces  184 

4-84  C  vs  Number  of  Gores  185 

4415  Drag  Area  Ratio  vs  Reefing  Line  Diameter  Ratio  186 

4-86  Drag  Area  Ratio  vs  Reefing  Line  Diameter  Ratio  for  F.xtended  Skirt  Canopies  187 

4-87  Drug  Coefficient  Variation  with  Reefed  Diameter  Ratio  188 

4-88  External  Pressure  Coefficients  vs  Mn  for  Flat  Circular  Ribbon  Type  Canopies  189 

4-89  Fxternal  and  Internal  Pressure  Distribution  for  Flat  Circular  Ribbon  Type  Canopies  190 

4-90  Kxternal  and  Internal  Pressure  Distribution  for  Guide-Surface  Type  Canopies  191 

4-91  external  Pressure  Coefficients  vs  Mach  Number  for  Guide-Surface  Type  Canopies  192 

4-92  Schlieren  Picture  of  a  Ribbon-Type  Drag-Producing  Surface  at  a  Free-Stream  Mach  Number  of 

0.897  193 

4-93  Pressure  Coefficient  Distribution  Curves  of  a  26%-Porosity  Ribbon-Type  Canopy  Model  With  and 

Without  Suapenaion  Lines,  No  Forebody  194 

4-94  Pressure  Coefficient  Distribution  of  a  26%-Porosity  Ribbon-Type  Canopy  Model  With 
Suspension  Lines  and  Forebody 

118 


195 


Illustrations  (Cont'd) 

Number  /'age 

♦•95-  Schematic  treasure  Coefficient  Distribution  of  Modela  I  through  7  in  Inflating  Parachute 

4-102  Canopy  Seriea  197 

4-103  Korcea  Acting  on  a  Small  Segment  of  a  Flexible  Shell  in  Kquilibrium  199 

4-104  Core  Pattern  of  T  10  Kxtended  Skirt  Parachute  199 

4-105  Interaection  of  a  Plane  I’j,  with  Inflated  Core  200 

4-106  Top  View  of  Inflated  Canopy  201 

4-107  Profile  of  a  Canopy  Formed  by  the  Core  Centerline  201 

4-108  equilibrium  of  a  Strip  of  a  Canopy  Core  202 

4-109  Geometry  of  a  Core  Section  with  Conaideralion  of  the  Cloth  Strain  202 

4-110  Velocity  Distribution  for  a  Fluid  at  Rent  and  a  Moving  Body  205 

4-111  Velocity  Diatribution  for  a  Body  at  Real  and  a  Moving  Flaid  206 

4-112  Pressure  Diatribution  in  the  Wake  of  a  Body  of  Revolution  (Cjj  *-  0.35)  208 

4-113  Velocity  Distribution  in  Accordance  with  Analytical  and  experimental  Studies  210 

4-114  k  vs  x/D  aa  Determined  from  experimental  Data  211 

4-115  Data  for  a  Body  of  Revolution  (Baaed  on  a  »  0.0633  Related  to  C^  at  x/D  •  8)  212 

4-116  Bodiea  of  Revolution  213 

4-117  «  vs  x/D  an  Determined  by  experiment  214 

4-URa  Wake  Drag  Coefficient  Ratio  215 

4-1 18b  Wake  Drag  Coefficient  Ratio  216 

4-118c  Wake  Drag  Coefficient  Ratio  217 

4-1 19a  Wake  Drag  Coefficient  Ratio  218 

4-119b  Wake  Drag  Coefficient  Ratio  218 

4-1 19c  Wake  Drag  Coefficient  Ratio  219 

4-120  Schematic  Diagram  of  Wake  Structure  219 

4-121  Sketch  of  Flow  Patterns  Around  Primary  Bodies  Alone  at  Supersonic  Speeds  220 

4-122  Secondary  Body  Stagnation  Pressure  Coefficient  vs  with  Boundary  I  myer  Bleed  220 

4-123  Secondary  Body  Stagnation  Pressure  Coefficient  vs  Free-Stream  Mach  Number  for  a  Flat 

Plate  in  the  Wake  of  a  Skirted  Hemisphere  221 

4-124  Total  Drag  Coefficient  vs  Free-Stream  Mach  Number  for  a  Flat  Plate  in  the  Wake  of  a 

Semi-Infinite  Cylinder  with  Boundary  Layer  Bleed  221 

4-125  Pressure  Relations  of  Body  Combinations  in  Supersonic  Row  222 

4-126  Cpb  vs  for  a  Skirted  Hemisphere  with  a  Hollow  Hemisphere  in  its  Wake  222 

119 


Illustrations  (Coat'd) 

\umher 


Pnue 


4-127  ('pi,  vs  M  for  ti  Semi-Infinite  Cylinder  with  Boundary  l.nyer  Bleed  mid  a  Hut  IMute  in  it*  Hake 

4-128  Drug  Coefficient  v*  Much  Number 


4-120 

4-1.10 


v*  M  for  u  Hollow  Hemisphere  in  tbe  Hukr  of  u  Skirted  lleiiii*|diere 


I’urueliute  (Inordinate  System 


22:1 

221 

221 

225 


4-1111  Application  of  Force*  on  n  Canopy  226 

4-1:12  Determination  of  Norma!  Forre  Acting  on  Canopy  227 

4- 1  :l:l  lle*ult*  of  Hind  Tunnel  Te*ta  on  Solid  Flat,  Slotted  High  Porosity,  llibbon  and  Guide-Surfucr 


Type  I'uruchute  Canopies  (Rigid  Model*)  228 

4-134  Moment  Coefficient*  of  Canopy  Model*  229 

4-135  Nomiul  Force  and  Moment  Coefficient  v*  Angle  of  Attuck  for  Circular  Flat  Cloth  Canopy  230 

4-136  Normal  Force  and  Moment  Coefficient  vs  Angle  of  Attack  for  105  f  lat  Untended  Skirt  Cloth 

Canopy  230 

4-137  Normal  Force  and  Moment  Coefficient  vs  Angle  of  Attack  for  14.35  Full  Kntended  Skirt  Cloth 

Canopy  231 

'4-138  Normal  Force  and  Moment  Coefficient  vs  Anglr  of  Attack  for  Conical  Cloth  Type  Parachute 

Canopy  231 

4-139  Normal  Force  and  Moment  Coefficient  vs  Angle  of  Attack  for  Personnel  Guide-Surface  Cloth 

Canopy  232 

4-140  Normal  Force  and  Moment  Coefficient  vs  Anglr  of  Attack  for  Ribbed  Guide-Surface  Cloth 

Canopy  232 

4-141  Normal  Force  und  Moment  Coefficient  vs  Anglr  of  Attack  for  Rible**  Guide-Surface  (doth 

Canopy  233 


4-142  Normal  Force  und  Moment  Coefficient  vs  Angle  of  Attack,  Ring-Slot  Canopy  of  205  Geometric 


Porouity  233 

4-143  Normul  Force  and  Moment  Coefficient  v»  Angle  of  Attack,  Ribbon-Type  Canopy  of  205 

Geometric  Poro*ity  233 

4-144  Normal  Force  Coefficient  vs  Angle  of  Attack  of  Various  Parachutes  234 

4-145  Moment  Coefficient  vs  Angle  of  Attack  of  Various  Purachutes  235 

4-146  Flow  Field  Around  Several  Canopies  at  15-I)egree  Angle  of  Attack  236 

4-147  Parachute  Canopy  in  Motion  237 

4-148  Arrangement  of  Coordinates  and  Forces  for  Parachute  System  in  Flight  238 

4-149u  Body  of  Revolution  for  c/r  «  0  (Circular  Disk)  239 

4-149b  Body  of  Revolution  for  c/r  -  1  (Sphere)  239 

4-150  Rotating  Parachute  System  240 


120 


Illustrations  (Corn'd) 


Number  l  ,,L’r 

4- 1 r.  1  Graphical  Representation  of  Apparent  Moment  of  Intertill  ns  ii  T  unction  of  <■  r.  241 

4*152  Apparent  Mass  Related  to  Kudosed  Muss  vs  Porosity  243 

4-153  Ribless  Guide-Surface  Parachute  Canopy  244 

4-154  Moment  and  1 4 ft  Coefficients  vh  Angle  of  A  l tuck  for  Ribless  Guide-Surface  Canopy  245 

•4-155  Replacement  of  Ribless  Guide-Surfuce  Parachute  !>y  llotationui  Kllipsoid  24ft 

4-156  Graphical  Presentation  of  Motion  of  Parachute  System  During  DeHcent  250 

4-157  Graphical  Preaentation  of  a  und  a  +  /)  vh  Time  250 

4-158  ItevnoldH  Numbers  for  Various  Attitudes  254 

4-159  Average  Heat  Transfer  Coefficients  on  Ribbon  Grid*  ut  Supercritical  Pressure  Matins  255 

4-160  Reliability  from  a  Series  of  Trials  265 

4-161  Reliability  Levels  for  a  Series  of  Teste  With  and  Without  Failures  266 

4-162  The  Normal  Distribution  268 

•4-163  exaggerated  Stress  -  Strength  Distribution  270 

Tobias 

4-1  Atmospheric  Properties  as  a  Function  of  Altitude,  Temperature,  Pressure  and  Density  124 

4-2  Composition  of  the  Lower  (Dry)  Atmosphere  127 

4-3  experimental  lla.a  for  Kiblesa  Guide-Surface  Canopy  Measured  in  Wind  Tunnel  at  Re  ?6  x  10!’ 

and  v^  S105  ft/sec  (Nominal  Canopy  Cloth  Porosity  *  120  cu  ft  per  sq  ft  per  min)  246 

4-4  Coordinates  of  Parachute  System  During  Descent  251 

4-5  Angle  of  Attack  (a)  and  Inclination  Angle  (a  +  ft)  251 


121 


CHAPTER  4 

AERODYNAMIC  AND  OPERATIONAL  CHARACTERISTICS  OF  DEPLOYABLE 
AERODYNAMIC  DECELERATORS 


SEC  1  GENERAL 

Knowledge  of  the  aerodynamic  and  operational  char- 
acterialica  of  deployable  aerodynamic  deceleratora  ia 
one  of  the  major  prerequisites  for  the  design  and  per¬ 
formance  prediction  of  dependable  aerodynamic  de¬ 
celeration  and  stabilization  systems,  la  selecting  a 
particular  aerodynamic  decelerator  to  perform  a  speci¬ 
fic  task,  the  characteristics  of  the  decelerator  itself 
must  be  known,  no  that  its  performance  in  combination 
with  a  primacy  body,i.e.,am  a  system,  can  be  predicted. 

At  the  present  time,  sufficient  knowledge  in  not 
available  to  provide  accurate  analytical  approaches 
for  the  calculation  of  all  performance  and  operational 
characteristics  of  deployable  aerodynamic  decelera- 
tors.  This  ia  particularly  true  with  respect  to  those  of 
textile  parachute  canopies  because  the  dynamic 
behavior  of  textile  parachute  canopies  ia  not  adequate¬ 
ly  known  or  understood,  particularly  in  the  areas  of 
canopy  opening  and  descent.  Consequently,  experi¬ 
mental  data  must  be  relied  upoa  primarily.  However, 
in  some  areas  analytical  approaches  have  been  de¬ 
veloped  which  will  yield  reasonable  approximations 
of  the  characteristics  of  actual  deceleratorperformance. 

In  the  following  sections,  an  attempt  ia  made  to 
present  performance  characteristics  for  textile  para¬ 
chute  canopies  based  on  available  data,  and  to  com¬ 
pile  analytical  approaches  for  the  calculation  of  tex¬ 
tile  parachute  canopy  performance  and  operation,  it 
must  be  pointed  out  that  these  analytical  approaches 
are  initial  attempts  in  developing  calculation  methods, 
and  that  these  approaches  are  subject  to  revision  as 
new  knowledge  becomes  available.  This  knowledge 
will  then  be  utilized  to  either  verify,  augment,  or 
completely  revise  the  method  of  analysis.  However, 
the  results  obtainable  by  the  analytical  methods  pre¬ 
sented  are,  in  most  cases,  reasonably  accurate  and 
ntay  be  utilized  for  the  determination  of  textile  para¬ 
chute  canopy  and  parachute  systems  performance  and 
operation. 

In  order  to  obtain  a  comprehensive  and  yet  easily 
distinguishable  presentation  of  the  complex  area  of 


the  aerodynamic  and  operational  characteristics  of 
textile  parachute  canopies  and  systems,  this  Chapter 
has  been  divided  into  a  number  of  sections,  each  one 
dealing  with  a  particular  phenomenon  associated  with 
the  performance  and  operation  of  pararhute  canopies. 

Pertinent  data  about  the  atmospheric  environment  of 
our  and  other  near  planets  are  included  since  the 
existence  of  an  atmosphere  is  the  prerequisite  for 
parachute  or  other  aerodynamic  decelerator  operation. 
A  discussion  of  the  effective  porosity  of  textile  para¬ 
chute  materials  is  placed  nevt,  since  major  canopy 
performance  and  operational  characteristics,  such  as 
opening  force,  drag,  and  stability  are  directly  related 
to  effective  porosity.  The  remainder  of  the  chapter  is 
then  divided  into  discusaions  of  the  various  aspects 
of  canopy  operation  and  performance  in  a  sequence 
normally  occurring  during  parachute  canopy  operations. 

A  major  portion  of  the  material  presented  hereafter 
constitutes  the  current  state-of-the-art  of  results  or 
research  studies  conducted  by  the  University  of  Minne¬ 
sota  under  a  Tri-Service  sponsored  program  of  basic 
aerodynamic  decelerator  investigations.  I)r.  Helmut  G. 
Heinrich  is  the  Principal  Investigator  on  this  program. 
Dr.  Heinrich  as  well  as  members  of  his  staff  have 
contributed  portions  of  the  following  sections. 

As  as  aid  to  the  practical  application  to  the  analy¬ 
tical  approaches,  some  of  the  analytical  methods  pre¬ 
sented  in  the  following  sections  are  used  in  the  Sam¬ 
ple  Calculation,  Chapter  12.  This  Chapter  may  be 
consulted  for  detailed  calculation  procedures. 

SEC.  2  THE  ATMOSPHERE 

Aerodynamic  deceleration  devices  may  be  expected 
to  be  deployed  and  operated  in  a  wide  range  of  alti¬ 
tudes  and  Mach  numbers.  Naturally,  the  effectiveness 
of  drag  devices  is  limited  to  the  region  wherein  the 
density  of  the  atmosphere  creates  a  resistance  force 
of  sufficient  magnitude  to  generate  the  required  drag. 
This  magnitude  of  the  resistance  or  retarding  force 
will  vary  according  to  the  particular  mission  profile 
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desired;  it  is  conceivable  that,  even  at  altitudes  above 
600,000  ft,  the  residual  atmospheric  denaity  in  atill 
sufficient  to  decelerate  a  relatively  large  aerodynamic 
drag  device  and  alter  its  trajectory.  Consequently, 
in  calculating  or  predicting  the  operational  and  per¬ 
formance  characteristics  of  aerodynamic  deceleration 
devices,  properties  of  the  atmosphere  must  be  known 
for  a  considerable  range  of  altitudes.  Primary  con¬ 
cern,  of  course,  ia  with  our  own  atmosphere;  however, 
as  the  age  of  space  travel  advances  added  interest 
will  focus  upon  the  atmospheric  properties  of  other 
planets,  such  as  Mars  and  Venus.  There  fore,  pertinent 
information  about  these  planets,  to  the  extent  known, 
in  also  included. 

2.1  Propcrtins  of  Thn  Earth's  Atmosphere 

2.1.1  ATMOSPHERIC  DENSITY.  The  beat  cur¬ 
rent  estimates  of  the  variation  of  mean  atmospheric 
density  with  altitude  are  given  by  the  1959  AHDC 
Model  Atmosphere  (Ref  (4-1)),  as  summarized  in  Table 
4-1.  These  data  represent  an  average  of  the  overall 
relevant  data,  and  in  no  way  represent  spatial  or  tem¬ 
poral  variations.  At  lower  altitudes,  between  sea  level 
and  approximately  250,000  ft,  measurements  are  ob¬ 
tained  by  a  variety  of  techniques  and  the  accuracy  of 
the  data  given  in  Ref  (4-1)  is  estimated  to  be  —10 
per  cent  (Ref  (4-2)).  Hetween  250,000  and  750,000  ft, 
measurements  are  made  by  rockets  and  by  satellite 
drag  techniques,  with  accuracy  probably  between  30 
and  100  per  cent.  Above  750,000  ft,  satellite  drag 
measurement  a  yield  accuracy  roughly  of  a  factor  of 
two  (Ref  (4-2)).  In  general,  the  inaccuracy  increases 
with  incressing  altitude;  however,  the  ARDC  mean  den¬ 
sities  are  reasonably  well  confirmed  by  recent  obser¬ 
vations  (Ref  (4-3)  through  (4-7)), 

Ref  (4-2)  considers  the  temporal  variations  of  the 
atmospheric  denaity  aad  density  variations  with  lati¬ 
tude.  In  the  region  between  sea  level  and  600,000  ft 
altitude,  the  only  major  periodic  variation  is  that  of 
gravitation  and  thermal  tides.  Tides  are  observed 
principally  an  periodic  variations  in  direction  and 
magnitude  of  the  upper  atmospheric  winds.  Thermal 
tides  are  also  observed  as  diurnal  and  semi-diurnal 
variations  in  the  earth's  magnetic  field,  caused  by 
dynamo  effects  in  the  tidally  perturbed  ionosphere. 
The  Innar  semi-diurnal  tide  is  smaller  than  the  solar 
semi-diurnal  tide  by  a  factor  of  15,  although  the 
moon's  gravitational  pull  is  significantly  greater  than 
the  sun’s.  According  to  recent  measwements,  temporal 
variations  in  atmospheric  density  can  be  expected  to 
be  amall  at  lower  altitudes,  reaching  a  peak  of  20  per 
cent  at  approximately  350,000  ft  and  then  damping  out 
sharply.  There  will  also  be  random  fluctuations,  con¬ 
fined  largely  to  the  altitude  regime  between  250,000 


and  350,000  ft.  It  has  been  postulated  that  these  vari¬ 
ations  consist  of  long-period  gravity  waves,  generated 
by  possible  thermal  instabilities  or  by  meteorological 
disturbances  in  the  lower  atmosphere,  propagating  up¬ 
wards  with  increasing  amplitude  and  causing  a  maxi¬ 
mum  variation  of  approximately  10  per  cent.  Seasonal 
variations  appear  to  be  negligible  except  in  high  lati¬ 
tudes. 

I'or  altitudes  above  600,000  ft,  variations  in  den¬ 
sity  follow  u  different  pattern.  Here,  the  controlling 
factors  are  solar  effects:  diurnal,  27 -day,  11-year 
cycle,  and  flare  (not  mechanical)  effects.  Ref  (4-0) 
cites  data  reported  at  the  Tenth  International  Astro- 
nautical  Congress  which  show  that  at  altitudes  be¬ 
tween  650,000  and  1,000,000  ft  the  effective  air  den¬ 
sities  vary  from  day  to  day  and  month  to  month  by  up 
to  30  per  cent,  and  by  as  much  as  a  factor  of  three  at 
higher  altitudes.  Hetween  n  latitude  range  of  35°S  to 
50°N,  and  at  altitudes  above  650,000  ft,  air  density 
does  not  vary  with  latitude  by  more  than  a  factor  of 
1 .5. 

Changes  in  air  density  are  relatively  rapid.  Diurnal 
variations  of  2  per  cent,  11  per  cent,  and  18  per  cent 
have  been  reported  at  altitudes  between  650,000  and 
1,000,000  ft.  The  variation  of  air  density  is  somewhat 
cyclic,  with  maximum  and  minimum  values  occurring 
about  every  27  days  at  altitudes  above  650,000  f*. 
Variation  of  atmospheric  denaity  from  day  to  night  in 
the  upper  atmosphere  has  not  been  sufficiently  large 
to  permit  accurate  measurement  at  altitudes  up  to 
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Fig.  4-1  Mean  Molecular  Weight  vs  Altitude 
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800,000  ft.  Above  thin  altitude,  day-to-night  variation 
becomes  significant. 

Summarizing,  the  problem  of  atmospheric  density 
variations  resolves  itself  into  three  distinct  altitude 
regions.  The  first  is  a  highly  unstable  region  between 
250,000  and  350,000  ft,  where  gravity  waves  and  solar 
tides  predominate.  From  350,000  ft  to  approximately 
1,000,000  ft  there  exists  a  relatively  quiet  region 
where  fluctuations  from  all  known  causes  are  less 
than  25  per  cent.  Above  1,000,000  ft,  solar-caused 
variations  become  serious. 

V'ariation  of  other  natural  properties  of  the  earth 
atmosphere  with  altitude  -  mean  molecular  weight, 
pressure,  mass  density,  speed  of  sound,  kinematic 
viscosity,  coefficient  of  viscosity,  and  coefficient  of 
thermal  conductivity  —  based  on  Hef  (4-1),  are  shown 
Fig.  4-1  through  4-7. 

2.1.2  WIIUKNT  TK.MPKH.VrUH K.  The  variation 
of  temperature  with  ultitude,  a  significant  factor,  is 
shown  in  Kig.  4-8.  Although  the  variation  is  not  com¬ 
pletely  regular,  Hef  (4-9)  estimates  that  the  rale  of 
change  with  altitude  is  1000  times  greater  than  the 
rate  of  change  with  latitude  on  the  earth's  surface. 
Altitudes  of  approximately  100,000  ft  have  bee  n  reached 
by  stratospheric -altitude  balloons;  temperature  values 
above  this  altitude  arc  computed  and  can  only  be  con¬ 
sidered  as  the  best  available  at  this  time.  As  is  true 
of  all  atmospheric  parameters,  the  temperature  at  any 
specific  location  and  time  may  be  expected  to  be 
somewhat  different  than  that  given  in  the  model,  due, 
for  example,  to  seasonal  and  latitudinal  variations. 


The  dominating  influence  upon  the  temperature  is  the 
sun;  the  intensity  and  the  angle  of  incidence  of  the 
sun's  rays  on  the  surface,  and  the  duration  of  exposure. 

2.1.3  ATMOSPIIKHIC  COMPOSITION.  The  ter¬ 
restrial  atmosphere  is  divided  into  two  distinct  shells, 
in  which  composition  differs.  In  the  lower  atmosphere, 
the  composition  is  generally  uniform;  at  approximately 
250,000  ft  molecular  dissociation  begins  to  alter  this 
uniform  composition.  Above  this  altitude  is  the  range 
in  which  dissociation  and  ionization  begin,  and  the 
oxygen -to -nitrogen  ratio  is  inconstant.  In  the  lower 
atmosphere,  the  dry  atmospheric  constituents  are 
usually  considered  to  be  perfectly  mixed  in  the  volume 
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Fig.  4-5  Kinematic  Viscosity  vm  Altitude 


Fig.  4-6  Coefficient  of  Viscosity  v  t  Altitude 


ratio  of  N2/O2  “3*728.  «nd  in  a  weight  ratio  of  N2/O2  “ 

3.2635.  Approximately  one  per  eeat  of  the  dry  atmos¬ 
phere  consists  of  truce  gaaea,  principally  argoa.  Table 
4-2  lista  the  composition  of  the  lower  dry  atmosphere 
(Ref  (4-8)). 

Variables  in  the  lower  atmosphere  are  water  vapor, 
ozone,  and  aerosols  (particles  of  greater  than  mole¬ 
cular  size  suspended  in  the  air).  All  of  these  con¬ 
stituents  are  distributed  in  a  variety  of  ways,  depend¬ 
ing  on  latitude,  longitude,  altitude,  and  time,  so  that 
accurate  prediction  of  their  occurrences  aad  qaaatitiea 
are  difficult  to  make.  Carbon  dioxide  ia  thought  to 
vary  slightly  over  long  periods,  owing  to  combustion 
of  carbon  fuels. 


Fig.  4-7  Coefficient  of  Thermal  Conductivity  ve 
Altitude 


Fig.  4-8  Altitude  vs  Temperature 
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TABLE  4-2  COMPOSITION  OK  THE  IjOWKII 
(DRY) ATMOSPHERE 


Gas  Volume,  %  Height,  % 


Nitrogen  (Nj) 

Oxygen  (Oj) 

Argon  (A) 

Carbon  Dioxide  (CO2) 
Neon  (Ne) 

Helinm  (He) 

Methane  (Cll^) 

Krypton  (Kr) 

Nitrons  Oxide  (N<jO) 
Hydrogen  (H2) 

Xenon  (Xe) 

Nitrogen  Dioxide  (NO2) 


78.088  75.527 

20.949  23.143 

9.3x10-'  1.282 

3.0xl0-2  4.6xl0'2 

1.8xl0-3  1.3X10*3 

5.2X10-4  7.2x10'® 

1.4xl0*4  7.8x10-® 

l.lxlO-4  3.3x10*® 
5.0x10-®  7.6x10*® 

5.0x10-®  3.5x10"® 

8.6x10-®  3.9*10-® 

l.OxlO*7  2.0xl0-7 


2.1.4  IONOSPHERE.  The  region  of  the  atmos¬ 
phere  above  250,000  ft  contains  a  aeries  of  layers  of 
ioaa  and  electrons  which  comprise  the  ionosphere. 
These  are  commonly  known  aa  the  /),  E,  F j,  and  F 2 
layers;  each  has  individual  properties.  Hie  iona  and 
electrons  in  thia  region  are  not  normally  associated 
with  aerodynamic  considerations;  however,  the  aero¬ 
dynamic  deceleration  of  vehidea  based  upon  magneto- 
aerouynamic  principles  may  be  of  major  significance 
in  this  altitnde  regime. 

The  basic  source  of  ionising  energy  in  the  ionosphere 
is  solar  radiation,  principally  ultraviolet  light;  this 


explains  the  completely  different  conditions  daring 
day  and  night.  Corpuscular  radiation  is  also  a  con¬ 
tributing  factor  of  importance.  Conatant  changes  occur 
in  the  ionosphere;  as  atoms  and  molecules  are  being 
converted  to  charged  particles,  the  ions  are  recombin¬ 
ing  to  form  neutral  gasea. 

For  molecules  or  atoms  which  can  be  ionised  by  a 
particular  wave-length  of  radiation,  the  production  of 


Fig.  4-9  Altitude  va  Electron  Density 
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Fig.  4-11  Probability  Occurrence  of  Extreme  3000- ft 
Shears  with  Height 


charged  particles  is  a  function  of  (hr  product  of  ihr 
incident  radiation  density,  molecular  density,  and  tlie 
molecule's  effective  cross-section.  In  the  atmosphere, 
the  density  of  molecules  and  atoms  increases  along 
the  path  of  radiation,  while  the  radiation  intensity 
decreases  as  it  is  absorbed  along  the  path.  Thus,  at 
some  level,  the  product  of  radiation  intensity  and  den¬ 
sity  of  ionizable  molecules  reaches  a  maximum;  this 
in  the  region  of  maximum  electron  production,  At  alti¬ 
tudes  where  the  air  begins  to  vary  in  composition  with 
increasing  height,  there  is  a  tendency  for  the  ioniza¬ 
tion  to  become  stratified,  owing  to  differences  in  the 
solar -radiation  absorptive  characteristics  of  the  gases. 
Curves  of  the  variation  of  electron  density  with  height 
show  maxima  which  are  the  basis  of  the  term  “lay¬ 
ers’  .  Fig.  4-9  is  a  typical  example  of  such  a  curve 
(Ref  (4-8));  it  is  representative  of  conditions  which 
exist  at  summer  noon  in  mid-latitudes  during  periods 
of  high  sunspot  numbers. 

2.1.5  WINDS  AND  TIIKHFI  KNCF.  The  proba¬ 
bility  of  winds  und  gusts  of  u  particular  intensity  in  a 
factor  that  must  be  considered  for  the  operation  of 
any  aerodynamic  deceleration  device.  The  study  of 
winds  may  be  divided  into  two  phases;  the  wind  struc¬ 
ture,  and  the  turbulence,  i.e.,  gusts  and  wind  shear. 

A  great  deal  of  information  has  been  accumulated  on 
mean  winds;  the  Handbook  of  Ceophysics  for  Air  Force 
Designers  (Kef  (4-21))  contains  this  type  of  data.  For 
general  operational  planning  applications,  these  data 
are  very  helpful; however,  since  variation  at  a  specific 
location  or  time  may  be  sizable,  more  specific  infor¬ 
mation  shouldbe  obtained  for  an  immediate  operational 
area.  A  study  of  all  data  collected  for  the  higher  alti¬ 
tude  regime  is  presented  in  Hef  (4-10),  The  mean 
winds  determined  in  this  study  are  shown  in  Fig.  4-10. 

Superimposed  on  the  general  movement  of  the  nir 
are  sudden  changes,  relatively  abrupt  discontinuities, 
and  fluctuations.  These  fall  under  the  general  term 
“turbulence”-  Although  fluctuations  sre  always  pre¬ 
sent  in  the  atmosphere,  their  intensity  and  frequence 
vary  with  location,  altitude,  and  with  the  days  and 
seasons  of  the  year.  Gust  factors  for  various  mean 
and  extreme  wind  speeds,  particularly  applicable  for 
low  altitudes,  are  given  in  the  Handbook  of  Geophy¬ 
sics  (Ref  (4-21)). 

Wind  shear  is  defined  as  the  vector  difference  be¬ 
tween  wind  vectors  at  two  relatively  adjacent  altitudes, 
divided  by  the  altitude  difference.  The  shear  may  be 
further  resolved  into  a  horizontal  component  and  ver¬ 
tical  component,  or  cross-component  and  a- downwind 
component.  The  Handbook  of  Geophysics  gives  n 
maximum  value  of  45  fps  per  1000  ft  (0.045  per  sec.) 
for  the  shear  in  the  windiest  area  and  season  of  the 
United  States,  based  on  wind  speeds  with  a  one  per 


cent  probability,  big.  4-11  shows  the  probability  of 
occuirer.ee  of  extreme  3000-ft  shears  with  height,  as 
taken  from  lief  (4-1 1). 


2.2  Earth  Gravity.  T  he  true  nature  of  the  gravity 
field  hun  been  a  matter  of  intense  speculation.  Kin- 
stein’s  general  theory  of  relativity  is  considered  the 
most  logical  description  at  the  present  time. 

The  gravity  field  of  the  F.arth  consists  of  two  (tarts, 
tlie  principal  part  caused  by  muss,  and  a  lesser  part 
caused  by  tlie  Karth's  rotation.  According  to  Ref  (4-12), 
the  rotational  factor  is  small,  being  only  about  one- 
third  of  a  per  cent  of  the  totul  field  at  sea  level  at 
the  equator. 

(loth  the  centrifugal  force  and  the  effect  of  gravi.y 
are  directed  in  a  radinl  direction,  their  combined 
effect  establishing  the  field.  The  work  required  to 
bring  a  unit  mass  from  an  infinite  distance  to  any 
point  in  the  field  is  defined  as  the  potential.  The  first 
derivative  of  the  gravity  potential  with  rcs|iect  to 
space  coordinates  is  the  force,  or  the  equivalent 
acceleration  of  gravity  for  a  unit  mans.  The  accelera¬ 
tion  of  pavity  varies  over  the  surface  of  the  Karth 
between  the  limits  of  32.05  ft  per  sec"  and  32.24  ft 
per  sec2.  Rased  on  its  ellipsoid  shape  —  equatorial 
radius:  3,444.054  n.m.  (20,925,400  ft),  poln.-  radius: 
3,432.458  n.m.  (20,856,000  ft)  -  the  variation  of  p-avity 
with  latitude  at  die  Karth’s  surface  is  expressed  by 
the  International  Gravity  fornula  of  1930  (Hef  (4-12)): 


4-1)  g  -  978.049  ( 1 10. 0052884  sin2  0  - 


0.0000059  sin2  2  tf) 


The  vnlue  of  g  in  given  in  cm  per  sec";  <£  is  the  geo¬ 
graphical  latitude.  The  second  term  in  the  parenthesis 
coven*  both  the  geomagnetic  flattening  and  the  in¬ 
crease  in  centrifugal  force  ns  the  poles  are  approached. 
Ihr  third  term  is  a  correction  because  of  the  earth's 
variation  from  a  true  spheroidal  shape. 

Variation  of  the  acceleration  of  gravity  with  altitude 
is  approximated  by  the  inverse  square  law 


where 

K  |  ■=  Kffective  radius  of  earth  at  latitude  45°  32'33'; 
h  m  Geometric  altitude;  and 

g()  =  Gravity  at  latitude  45°  32'33"»  980.665  rm  per 
sec2. 
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Reference  4-13  gives  the  following  formula  for  the 
calculation  of  values  for  the  acceleration  of  gravity 
at  any  elevations  above  the  Karth’s  surface: 


(4 -2b)  g  *  -  (0.000.30855  +  0.00000022  cos  20)  h 


<■  0.000072 


/-i-V 

UOOM 


where 


g  »  Acceleration  of  fpavity  in  cm  per  aec^; 

g'c  «•  Value  at  sea  level  at  the  equator  (978.04900 
cm/»ecl; 


h  •-  Altitude  in  meter**;  nnd 

</>  -  (teinletic  latitude  (angle  between  the  rquittnr  iul 
plane  and  the  normal  to  the  spheroid). 

2.3  Environments  of  Other  Planets.  Aerody¬ 
namic  deceleration  device**  may  also  be  used  to  aid 
in  the  atmospheric  entry  nnd  landing  of  space  vehicles 
on  other  planets.  Consequently,  some  knowledge  of 
the  atmosphere  surrounding  other  planets  will  be  re¬ 
quired  for  decelernlor  design  considerations.  The  two 
planets  considered  most  likely  to  be  the  first  targets 
of  future  spare  explorations  are  Venus  and  Mars. 

2.3.1  VKNl'S.  Venus  is  similar  to  Kurth:  its  dia¬ 
meter  of  6,680  n.m.  in  0.97  that  of  our  plunct;  its  mass, 
volume,  and  surface  gravity  are  81  per  cent.  92  per 
cent,  and  8.r>  per  cent  of  the  Karth' s,  respectively. 
Venus  has  u  nearly  circular  orbit  and  is  0.72  of  the 
Karth'**  distunce  from  the  sun;  it  is  the  closest  glunet 
to  the  Kuith;  ut  the  nearest  point  it  is  22.6  x  10  n.m. 
from  the  Kurth.  Kurtli  and  \enus  both  have  extensive 
atmospheres. 

The  atmosphere  of  \  enus  is  probably  as  deep  as 
that  of  earth  and  possibly  deeper,  lief  (4-14)  estimates 
the  height  of  the  visible  cloud  layer  of  Venus  to  be  in 
excess  of  80,000  ft.  From  occultations  of  stars  by 
Venus,  lief  ( 4- 1  f»)  gives  the  atmospheric  depth  as 
between  250,000  nnd  400,000  ft.  Calculations  based 
on  very  tentative  data  indicate  that  the  atmospheric 
pressure  immediately  above  the  cloud  layer  is  between 
1  6  and  4  Karth  atmospheres.  Based  upon  currently 
known  data,  Hef  (4-16)  cites  the  vnlue  of  pressure  at 
the  surface  of  the  planet  Venus  to  be  tan  Karth  atmos¬ 
pheres.  If,  however,  the  cloud  tops  are  nenrer  to  the 
surface,  the  entire  atmospheric  pressure  could  be 
less  than  Karth  s. 

Measurements  of  temperature  in  the  upper  atmosphere 
of  Venus  (lief  (4-17)t  give  both  the  day  and  night 
sides  as  nearly  the  same,  approximately  -40  K,  with 
the  night  side  slightly  cooler. 

One  fact  about  the  composition  of  the  Venusian 
atmosphere  stands  out:  there  is  definitely  a  consid¬ 
erable  abundance  of  carbon  dioxide.  Ref  (4-18)  re¬ 
puted  for  the  first  time  the  presence  of  minute  traces 
of  water  vapor,  the  total  amount  of  which,  if  precipi¬ 
tated,  would  be  19  microns  in  thickness.  Molecular 
oxygen  has  not  been  detected,  but  there  is  a  possibility 
of  the  existence  of  atomic  oxygen. 

The  cloud  cover  of  Venus  has  been  the  object  of 
many  theories.  From  the  sparse  data  available  on  the 
chemical  processes  which  take  place  on  Venus,  there 
have  been  organic  compounds  suggested  as  cloud 
covering,  but  there  is  no  observational  evidence  of 
the  presence  of  any  of  these  compounds  as  either 
gases,  droplets,  or  particles.  The  belief  that  the 
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clouds  consist  of  water  in  not  unrcn  mumble.  The 
clouds  of  Venus  are  very  likely  aome  witter  with  enr- 
bon  compounds  present.  Dust  con  (volmbly  Is*  ruled 
out  as  the  main  cloud  constituent,  hut  solid  carbon 
dioxide  is  still  n  possibility  (Kef  14-8)). 

Physical  Data  of  the  I' lane l  Venus: 


Distance  from  the  Sun 
Perihelion 
Mean 
Aphelion 

Closest  approach  to  Karth 
Greatest  distance  from  Karth 
Orbital  eccentricity 
Orbital  inclination  to  ecliptic 
Mean  orbital  velocity 
Mass,  compared  to  Forth 
Volume,  compared  to  Karth 
Diameter  (including  clouds) 

Oblateness 
Density  (I^O  •>  I) 

Density  (Karth  «=  1) 

Gravity,  surface  (Karth  -  I) 
Velocity  of  escape 
Sidereal  period 

Rotational  period 

Axial  inclination 
Temperature 

Upper  atmosphere 
Surface 


Pressure,  surface 


57.4  X  106  n.m. 
58.2  x  106  n.m. 

.r»9  x  106  n.m. 

22.6  x  106  n.m. 

139  x  106n.m. 
0.007 

3°  24' 

21.7  miles  per  sec 
0.82 

0.92 

6560  to  6800  n.m. 

(0.97  of  Karth) 
0.00 
4.87 
0.59 
0.86 

6.3  miles  per  sec 

224.7  mean  solar 
days 

Several  weeks 
(uncertain). 

24°  (uncertain) 

-45  K  (approx.) 
Unknown,  probably 
hot  compared 
to  Karth 
Unknown;  some 
very  uncertain 
predictions 
give  extremely 
high  values,  but 
low  value e  are 
possible. 


2.3.2  MARS.  Mars  is  about  half  the  diameter  of 
the  Karth,  with  a  mass  of  about  0.10  and  a  gravity 
of  about  0.33  that  of  Karth.  Mars  is  about  1.5  times 
as  far  from  the  Sun  as  Karth,  and  takes  almost  two 
Karth  years  to  complete  its  orbit  about  the  Sun.  The 
Martian  day  is  close  to  an  Karth  day,  being  approxi¬ 
mately  37  minutes  longer.  The  tilt  of  the  Martian  axis 
with  respect  to  its  orbital  plane  is  very  similar  to 
that  of  the  Karth’a,  causing  the  same  sort  of  seasonal 
variations  in  climate. 

From  visual  and  photographic  evidence,  and  theore¬ 


tical  conaideriitionH,  the  existence  of  an  atmosphere 
on  Mars  ia  unquestioned,  but  knowledge  about  its 
properties  is  rather  limited.  Photographic  evidence 
indicates  that  the  Martian  atmosphere  is  of  consider¬ 
able  thickness.  'Ihe  pressure  at  the  surface  is  esti¬ 
mated  to  be  about  0.10  of  the  Kurth’s;  and  recent 
estimates  (Kef  (4-19))  indicate  a  surface  pressure  of 
64  mm  llg  (2.5  in.),  the  pressure  at  about  58,000  ft.  in 
Karth’s  atmosphere.  Atmospheric  pressure  is  thought 
to  decrease  by  a  factor  of  ten  for  every  132,000  ft  in 
elevation,  big.  4-12  is  a  graph  of  pressure  versus 
altitude  based  on  data  from  Kef  (4-19).  At  on  altitude 
of  about  90,000  ft,  the  pressure  of  approximately  0.5 
in.  llg  is  identical  to  Karth’s  at  that  altitude.  Above 
this  level,  the  Martian  atmosphere  is  thicker  than  the 
terrestrial.  As  a  result,  its  braking  resistance  to  a 
vehicle  entering  will  be  correspondingly  larger. 

The  temperature  profile  of  the  Martian  atmosphere 
is  estimated  in  Ref  (4-17)  (see  Fig.  4-13).  The  regions 
in  the  first  few  miles  of  altitude  are  expected  to  be 
in  u  state  of  turbulence  because  of  convection  cur¬ 
rents  arising  from  the  warmer  surface,  and  the  tem¬ 
perature  shouldbe  variable  in  this  zone.  Above  300,000 
ft  there  are  no  data  on  which  to  judge  temperature. 

Frequent  clouds  ore  observed  in  the  Martian  atmos¬ 
phere;  they  are  usually  quite  thin,  but  sometimes 
obscure  portions  of  the  surface.  In  the  lower  atmos¬ 
phere  there  are  yellowish  clouds,  thought  to  be  the 
result  of  vast  dust  storms  which  have  been  observed 
quite  frequently.  Some  idea  of  winds  on  Mnrs  can  be 
inferred  from  the  rate  at  which  clouds  have  been  ob¬ 
served  quite  frequently  travelling  across  the  planet’s 
surface.  These  clouds  ore,  of  course,  propelled  by 
winds,  and  provides  some  indication  of  wind  speeds. 
The  average  speed  of  the  cloads,  ns  reported  in  Ref 
(4-19),  ranges  between  15  and  40  mph. 

The  composition  of  the  atmosphere  is  not  known 
definitely,  but  the  main  constituent  is  probably  mole¬ 
cular  nitrogen  (Ref  (4-19)).  A  tentative  composition 
for  the  Martian  atmosphere,  as  reported  in  Ref  (4-20), 
is  95  per  cent  nitrogen,  4  per  cent  argon,  1  per  cent 
carbon  dioxide,  small  amounts  of  water  vapor  and 
oxygen,  and  traces  of  gases  such  as  neon,  krypton, 
and  xenon.  Ionized  and  dissociated  molecules  are 
probably  formed  through  the  action  of  solar  radiation 
on  the  upper  atmosphere. 

Physical  Data  of  the  Planet  Mars: 


Distance  from  the  San 
Perihelion 
Mean 
Aphelion 

Closest  approach  to  Karth 
Orbital  eccentricity 


112  x  106  n.m. 

122.6  x  106  n.m. 

133.6  x  10**  n.m. 
30  x  106  n.m. 
0.0933 
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Orbital  inclination  to  eliptic 
Mean  orbital  velocity 
Msaa,  compared  to  Karth 
Diameter 

Oblateneaa 
Density  (IIjO  -  1) 

Gravity,  a  or  face  (Karth  -  1) 
Velocity  of  eacape 
Sidereal  period 

Rotational  period 

Axial  inclination 
Temperature 

Upper  atmosphere 

Surface 

Press  are,  surface 


1°  51' 

15.0  miles  per  sec 
0.108 

3,640  ajm.  (0.52 
of  Karth) 

0.0052 

3.96 

0.39 

3.2  miles  per  see 
687.0  mean  solar 

days 

24  hr  37  min 
(mean  no  I  nr) 

25°  12' 


Uncertain,  about— 
150  K 

Uncertain,  -140  K 
to  +85  K 
about  2.5  in.  lift 


SEC  3  EFFECTIVE  POROSITY  OF  TEXTILE 
MATERIALS 

Several  atadies  indicate  that  the  opening-shock  of 
solid  cloth  canopies  increases  with  altitude  and  the 


oaci llatioas  of  basically  unstable  canopies  also  be¬ 
come  more  violent  (Ref  (4-22),  (4-23)).  Attempts  have 
been  aside  to  explain  the  change  in  canopy  inflation 
char  act  erintica  with  altitude  by  the  effect  of  the 
apparent  mean  and  the  mass  of  air  iacladed  in  the 
canopy  (Ref  (4-24)).  The  variation  in  the  atability 
behavior  of  a  canopy  may  also  be  attributed  in  part 
to  the  effect  of  apparent  and  included  mass,  because 
the  motion  of  a  freely  descending  parse  b  We  in  a  mat¬ 
ter  of  dynamic  stability  in  which  the  related  air  manses 
are  significant  terms  (see  Sec.  la  of  thin  chapter). 

llowever.it  in  also  known  that  the  atability  behavior 
of  a  canopy  depends  on  the  porosity  of  its  drag -pro¬ 
ducing  surface  (Ref  (4-25),  (4-26)).  In  combination 
with  experience  at  higher  altitudes,  this  leads  to  the 
conclusion  that  the  porosity  (or  air  permeability)  of 
woven  sheets  is  effectively  reduced  at  higher  alti- 
tades.  If  this  assumption  is  correct,  it  wonld  also,  at 
least  in  part,  account  for  the  increase  of  opening 
shock  with  altitude.  Heinrich  and  Hank  have  discussed 
these  aspects  of  porosity,  and  have  also  shown  that 
the  apparent  mass  of  a  canopy  varies  with  the  porosity 
of  the  drag-produciag  surface  (Ref  (4-27)).  In  view  of 
this  interaction  of  performance  characteristics  and 
porosity,  studies  were  made  in  which  the  air  flow 
through  woven  and  poroas  sheets  was  bm named,  and 
correlated  with  air  density  and  pressure.  The  results 
of  these  efforts  are  presented  below. 
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EFFECTIVE  POROSITY  C  •*  — 
WITH  AP  -  p/ 1  »J. 


EFFECTIVE  POROSITY  AT  SEA  LEVEL 


hip,.  '1~15  Derivation  of  the  Term  Effective  Porosity 


3.1  Definition  of  Effective  Porosity.  I  ’oroaity, 

considered  ss  sir  permeability,  is  conventionally 
expressed  as  the  volumetric  flow  rate  of  air  per 
unit  of  cloth  area  under  n  certain  differential  pressure. 


Fig.  4-16  Effective  Porosity  vs  Differential  Pressure 


h  ig.  4-17  Microscopic  Pictures  of  Four  (lenerally- 
Used  Parachute  ('loth  Materials 


Fig.  4-11  shows  a  typical  diagram  of  this  nominal 
porosity  versus  differential  pressure  for  three  common¬ 
ly  used  parachute  cloth  materials. 

For  performance  calculations,  a  dimensionless 
term  is  preferable,  which  would,  fur  example,  relate 
the  average  velocity,  V,  through  the  porous  surface 
to  the  dynamic  pressure  of  a  fictitious  velocity,  t»*. 
Fig.  4-15  schematically  shows  the  cloth  as  a  grid  in 
free  air  flow.  The  velocity  in  the  free  stream  is  v», 
and  its  related  dynamic  pressure,  0.5  ,  is  assumed 

to  be  identical  to  the  differential  pressure;  A p,  across 
the  cloth.  The  ratio  V'v*  is  called  the  effective 
porosity.  Fig.  4-16  shows  the  effective  porosity  of 
the  three  parachute  doth  materials  of  Fig  4-14. 

Fnnsidering  the  cloth  as  a  porous  screen  leads 
to  the  idea  of  treating  the  flow  through  the  cloth  as  a 
function  of  the  ratio  of  the  open  to  the  solid  area, 
and  as  n  consequence,  of  the  air  resistance  of  the 
individual  threads.  If  it  were  further  assumed  that 
the  threads  or  yarns  are  circular  cylinders,  one  may 
attempt  to  compute  the  air  resistance  of  the  woven 
sheet  from  the  viscous  drag  of  the  individual  cylin¬ 
ders.  A  number  of  investigations  have  been  carried 
out  in  this  manner  (Ref  (4-28),  (4-29),  (4-30)).  How¬ 
ever,  the  photographs  of  the  four  sample  materials 
shown  in  Fig.  4-17  indicate  that  the  assumption  of  a 
simple  geometry  for  the  cloth  can  be  an  over-simpli¬ 
fication.  The  results  of  a  purely  analytical  treatment 
of  the  drag  problem  could  not  encompass  a  large  num¬ 
ber  of  such  very  significant  variables.  Therefore,  the 
actual  mass  flow  through  the  cloth  has  been  measured; 
the  results  of  these  experiments  are  reviewed  below. 

Fig.  4-14  indicates  that  the  mass  flow  through  the 
cloth  increases  with  the  differential  pressure.  It  may 
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lie  assumed  that  this  rt*  tut  ion  mIii  |>  will  be  monotone 
until  the  critical  pressure  differential  ia  reached,  nl 
which  the  velocity  through  the  orifices  has  reached 
the  a|>cc<l  of  sound.  A I  this  point,  a  further  incrcoar 
in  the  differential  pressure  will  not  increnae  the  air 
velocity.  Thus,  it  nppeurn  to  lie  adviaahle  to  atudy 
the  flow  with  reaped  to  the  incompreaaible  and  com- 
preaaiblr  flow  regimes. 

If  one  firat  ennaidera  incompreaaible  flow,  it  muy 
lie  assumed  that  the  air  flowa  through  the  fine  ori- 
ficea  of  a  relatively  thick  cloth  nomewhat  na  through 
a  pijie,  in  which  the  motion  ia  neither  completely 
laminar  nor  fully  turbulent,  Therefore,  an  analysis  of 
the  two  border  caaea  aeenis  to  be  in  order. 

For  fully  developed  laminar  flow,  llagen-Poiaeuille'a 
law  with  the  following  relationahip  would  be  appli¬ 
cable. 


(4-3) 


Ap 


1 28  ft  LQ 
rrf)4 


where 


fully  developed  turbulent  flow.  With  the  Hlusius  for¬ 
mula  (lief  (4-31)) 


(4-8) 

Ap 

A  p 

--  VL 

/. 

1)  2 

and 
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A  -  0.3164 
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the  velocity  ia 
(4-10)  V 


/2Ap  //'  4\4  7 
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lining  v •  »(2  A p  p)1  and  the  aubacript  “zero”  for 
aea-level  denaity,  the  effective  poroaitv,  (',  may  be 
written 


(4-11) 


C 


p  »  Viaconity; 

1.  »  Length  of  the  tube; 

-  Flow  rate;  and 
I )  ■>  Diameter  of  the  tube . 


With  P  “  PQ  and  for  the  name  differential  presaure,  for 
fully  developed  turbulent  flow 

(4-12)  C  -  Cqo  1  14 


2 

With  Q  «  f/irf)  ,4,  the  average  velocity  in  the  pipe 
may  be  written 


(4-4) 


n* 


32  p  L 


Ap 


If  the  Hagen-I’oiaeuille  relationahip  ia  applicable,  the 
effective  porosity  may  be  prenented  aa: 


(4-5) 


and  apecifically  for  aea-level  denaity 


(4-6) 


Co 


i)2  Jpq  A  p 

32  p  o  /.  J  2 


For  the  firat  approximation,  one  may  aet  p  «<  /iq,  and 
the  effective  poroaity  for  any  altitude,  with  p/pp  »  o 
and  with  the  name  differential  preasure,  may  be  writ¬ 
ten 

(4-7)  C-C0o1/2 

A  similar  anaiyaia  may  be  made  for  the  assumption  of 


The  assumption  of  laminar  or  tirbulent  flow  in  the 
region  of  incompressibility  leads  to  a  relntionbhip  of 
the  form 

(4-13)  c.f:0o" 

hxperiments  should  now  establish  the  >'alue  of  the 
exponent  n  for  various  types  of  parachute  material. 

When  the  differential  pressure,  Ap,  reaches  or 
exceeds  the  critical  value,  flow  through  the  orifices 
becomes  sonic.  Added  pressure  will  not  cause  an 
increased  flow  velocity.  At  this  point,  effective 
porosity  will  decline  with  added  pressure.  For  transonic 
and  supersonic  parachute  operations,  one  should 
introduce,  beside  the  density  ratio  p,  the  pressure 
ratio  Ap/Apcrji-  If  secondary  effects  are  disregarded, 
one  may  expect  that  F.q  4-13  will  be  true  for  the  com¬ 
pressible-flow  regime.  In  the  incompressible-flow  re¬ 
gime,  the  value  of  n  will  probably  be  different. 

3.2  Msasursments  of  Effoetivo  Porosity, 

In  view  of  the  analysis  nbovc,  the  effective  porosity 
of  four  standard  textile  cloth  materials  was  measured. 
Fig.  4-18  through  4-25  show  their  effective  porosity  C 
as  function  of  the  density  ratio,  a,  and  the  pressure 
ratio,  Ap  Apcrjt,  respectively. 
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A't*.  4-18  Effective  Porosity  vs  Density  Ratio  (MII.-C-7020B,  Type  l) 
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Fi e.  4-22  h  Effective  Porosity  vs  Pressure  Patio  OM.-d-TOJOIl,  Type  I ) 


Fig.  4-23  Effective  Porosity  vs  Pressure  Patio  f VII.-C-73S0H ,  Type  I) 
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4-2>j  b.ffrclive  I'oro.sity  of  a  tire  Screen  vs  Density  Ratio 
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MIL-C-7020H,  Type  I,  40  lb,  in.  Aylon  Cloth 

It  may  be  pointed  out  that  the  deaaity  ratio  in  re¬ 
lated  to  the  free-atream  conditiona  downatream  of  the 
poroua  screen  Fig.  4-26  and  4-27  are  similar  record¬ 
ings  of  effective  porosity  for  a  wire  screen  with  a 
nominal  porosity  of  the  order  of  magnitude  of  the 
cloth  porosities.  (The  wire  screen  has  been  incor¬ 
porated  in  the  study  because  the  textile  screens  may 
change  their  geometry  under  the  pressure  loading;  thus, 
their  porosity  reflects  not  only  Reynolds  and  Mach 
number  effects,  but  also  the  unknown  consequences 
of  the  elasticity  of  the  cloth.)  As  can  be  seen,  the 
wire  screen  shows  the  same  characteristics  as  the 


more  elastic  textile  screens,  and  it  appears  justifiable 
to  conclude  that,  for  the  parachute  cloth  materials 
tested,  the  elasticity  is  of  secondary  significance. 

When  the  phenomenon  which  actually  takes  place  is 
analyzed,  it  ntay  be  said  that  I'ig.  4-18  through  4-25 
reflect  the  influence  of  Reynolds  as  well  as  Viach 
number,  l  or  example,  it  can  be  seen  that  the  effective 
porosity  versus  a  for  pressure  differentials  Ap/Ap 
between  0.1  and  0.4  is  essentially  the  same.  These 
curves  are  related  to  the  incompressible  flow  regime; 
the  variation  of  the  effective  porosity  is  primarily  a 
Reynolds  number  effect.  In  the  region  of  higher  pres¬ 
sure  differentials,  in  which  Ap/'/Vcrjt  approaches  or 
exceeds  unity,  a  certain  change  in  the  absolute  value 
of  the  effective  porosity  an  well  as  a  change  in  slopes 
dC./do  and  SC/d  f A p/ A p cr j can  be  observed.  This 
is  understandable  in  view  of  the  fact  that  the  Mach 
number  becomes  generally  more  influential  than  the 
Reynolda  number  in  the  regime  of  compressible  flow. 
Furthermore,  it  can  be  shown  that  the  experimental 
results  are  in  agreement  with  analytical  predictions, 
based  on  the  assumption  that  the  flow  through  the 
orifices  can  be  treated  like  sonic  flow  through  con¬ 
verging  nozzles. 

Fig.  4-18  through  4-25  indicate  that,  at  present, 
only  s  limited  amount  of  data  is  available.  However, 
the  change  of  effective  porosity  is  by  its  nature  pri¬ 
marily  important  at  higher  altitudes,  represented  by 
lower  values  of  a.  Therefore,  it  may  be  acceptable  at 
this  time  to  consider  merely  the  effective  porosities 
related  to  values  of  a  <  0.5.  With  this  restriction,  the 
slope,  dC./do  versus  Ap/Ap  .j,  has  been  extracted 
from  Fig.  4-18  through  4-21  and  is  presented  in  Fig. 
4-28  through  4-31.  It  can  be  seen  that  the  flow 
through  the  cloth  varies  significantly  with  the  pressure 


Fig.  4-29  Density  Exponent  os  Pressure  Ratio  for  WL-C-7350R,  Type  /,  90  Ib/in.  Vv/on  Cloth 
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\p/  \pt( 

l  it;,  t-  III  l>ensitv  Exponent  vs  Pressure  Unlit >  {■•;  \llh-P-l’t>'JI  I,  /  vpe  I.  200  Ih  in.  \ylon  (.loth 


differential.  tional  speed  is  t’a  a  =  265  103 <  *  0.256;  from  V\CA 

In  summary,  this  investigation  shows  thst  the  effec-  Report  1135  (lief  11-40)),  (for  Much  No.  0.256)  p/pj 

live  porosity  of  woven  sheets  decreases  with  decreas-  0.955.  Consequently  the  total  pressure  amounts  to 

ing  density  or  increasing  pressure  ratios.  Fig.  '1-18  p.  a  1018.3  psf. 

through  4-25  can  provide  a  direct  reading  of  the  effec-  'n,e  pressure  differential  (A p)  is  p(  —  p  ■  1018.3 

live  porosity  for  specific  conditions.  Fig.  4-28  through  p„{  _  970 ,5  (1Hf  r-  45.8  psf.  The  critical  pressure  ratio 

4-31,  in  connection  with  F.q  4-13,  permits  the  calcu-  jB  p  p(  «.  0.5283  or  P|  erit  m  97S!.5,0.5283  m  1840.8 

lation  of  the  effective  porosity.  if  the  reluted  po-  p„f.  Then,  for  this  altitude,  the  critirnl  pressure  dif- 

rosity  under  sea  level  conditions,  (.(t,  is  known.  ferentinl  -Apcrj^  *  1840.8  —  972.5  «  868.3  psf.  dith 

these  figures  the  pressure  ratio  nt  which  the  inflation 
3.3  Sample  Calculation.  The  calculation  of  begins  is  A p  ,\p  ^  »•  45.8  868.3  ^  0.0527.  Assum- 

the  opening  shock  of  a  solid  cloth  canopy  thut  inflates  j„R  tbe  drag-producing  surface  of  the  parachute  canopy 
at  20.000  ft  altitude  at  u  speed  (t-„)  '  265  fps  requires  js  from  r|nth  \1H ,-C -7020,  the  effective  porosity 
knowledge  of  the  effective  porosity  for  the  particular  can  then  be  obtained  from  Fig.  4-18.  This  figure  shows 

speed  and  altitude  conditions  given.  m,  avern({e  curve  for  Ap  ‘Apcr;t  between  0.1  and 

Standard  atmosphere  tables  (Hef  ('4-1))  show  (for  0 .4;  it  may  be  assumed  that  for  a  pressure  ratio  lower 

20,000-ft  altitude)  the  density  ratio  o  «  0.533,  the  tli an  0.1  the  same  average  curve  would  be  valid.  Thus, 

static  pressure  p  “  9/2.5  psf,  and  the  velocity  of  for  a  r  0533  the  value  of  the  effective  porosity  is 

sound  a  1037  ft/sec.  The  Mach  number  for  the  opern-  (•  m  0,046.  This  figure  should  be  used  for  the  calcu- 
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lution  of  the  opening  shock,  mill  also  for  considera- 
tioiiH  concern  inn  the  stability  and  tin-  drag  of  the 
canopy  til  thut  altitude. 

Another  method  which  mnv  be  used  lo  oblnin  the 
desired  result  involves  culculnt  ing  the  rffrrlirr 
porosity  from  Fq  4-13,  using  un  n-vulur  front  Fig.  -1-28 
through  4-21. 


SEC.  4  SNATCH  FORCE 

Ml  deployments  of  trailing  aerodynamic  ilrcelrriitors 
create  a  force  known  ns  “snatch  force"  which  arises 
from  the  differential  deceleration  rates  of  the  sus¬ 
pended  load  and  the  deploying  decelerator.  The  rapid 
deceleration  of  the  decelerator,  in  relation  to  the 
relatively  slow  deceleration  of  the  suspended  load, 
crenten  a  sizable  differential  velocity  which  must  be 
reduced  to  zero.  Snatch  force  is  defined  as  that  force 
imposed  upon  the  suspended  load  by  the  decelerator 
to  accelerate  the  mass  of  the  decelerator  from  its 
velocity  at  line  extension  (not  stretch)  to  the  velocity 
of  the  suspended  load. 

fortunately,  in  the  cane  of  pnmehute  operation, 
snatch  forces  are  imposed  at  completion  of  suspen¬ 
sion-line  deployment,  prior  to  actual  inflation  of  the 
canopy.  Thun,  snatch  force  and  opening-shock  (Sec.  S) 
are  not  additive  forces;  rather,  one  follows  closely 
after  the  other.  (See  Fig.  4-32  and  4-33.)  At  low  speeds 
with  present  canopy  designs  und  deployment  methods, 
snatch  forces  do  not  exceed  opening  shock  vulues. 
With  low-shock  canopies  now  in  use  or  under  design, 
however,  it  is  felt  that  the  limiting  factor  on  future 
puruchute  operation  will  be  the  snulch  force,  if  means 
for  its  reduction  are  not  provided  for  in  the  design  of  the 
parachute  system.  Opening-shocks  can  lie  reduced 
considerably  by  special  reefing,  venting,  collapsing, 
or  squidding  canopy  designs.  Snatch  forces,  however, 
can  be  reduced  only  by  controlled  deployment  (a  very 
difficult  process  if  the  deployment  system  must  be 
usable  over  a  large  range  of  speed),  by  reduction  of 
parachute  weight,  by  reduction  of  uninflated-cnnopv 
drag-area,  and  by  reduction  in  pilot-chute  drag-area. 

I  he  latter  two  characteristics  have  n  larger  effect  on 
proper  deployment  and  opening,  and  cunnot  be  reduced 
beyond  a  certain  limit  without  adverse  results  on  de¬ 
ployment  and  reliability. 

Kg-  4-32  shows  a  record  of  force  versus  time  in 
the  opening  of  a  standard  flat  circular  28-ft  diameter 
canopy  at  260  knots.  Snatch  force  and  opening  shock 
are  indicated,  big.  4-33  is  a  record  of  force  versus 
time  in  the  opening  of  the  same  type  of  canopy  with 
skirt  reefing,  at  260  knots.  Here  the  snatch  force  ex¬ 
ceeds  the  opening-shock  considerably;  the  reefing 


Fig.  4-32  I' on  e  vs  lime  in  the  Ofirnint'  of  a  Stand- 
anl  23-ft  f.tinopv,  at  2(d)  Knots 


0  ,5  1.0  1.5  2.0  25 


TIME  (SECONDS) 

big.  4-33  force  vs  line  in  the  Opening  of  a  Stand- 
nrd  23- ft  (  nr.iifo  lit !  If  ee  fin  ft  Rings,  at 
2U0  Knots 

system  altered  the  canopy  to  n  low-shock  design. 
Since  snatch  force  is  the  greater  here,  it  must  receive 
primary  consideration. 

4.1  Derivation  of  Energy  Equation.  Trailing 

uerodynamii  deceleration  devices,  such  as  canopies, 
assume  u  relative  velocity  with  respect  lo  the  primary 
body  in  the  process  of  drifting  aft  of  that  body  into 
their  final  position.  Upon  drifting  aft  a  distance  equal 
to  length  of  the  unslrctched  suspension-lines  (/,  ) 
d  ig.  4-34),  the  differential  velocity  between  the  pri¬ 
mary  and  secondary  bodies  is  at  its  maximum.  After 
reaching  l.s.  the  linos  are  stretched  l-max<  the  secon¬ 
dary  body  is  accelerated  to  the  mutual  speed  of  the  pri¬ 
mary  and  secondurv  bodies,  and  the  differential  velocity 
becomes  zero.  The  inertia  force,  a  consequence  of 
this  acceleration,  is  called  snatch  force. 

The  energy  transmitted  to  the  primary  body  upon 
full  line-extension  is 

O.H)  Mf-l  2  -  f  2„.  3 
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where 

mc  «■  Mans  of  canopy  cloth  area  and  suspen- 

aion  linen  acronn  the  cloth  area; 

V  ||  2  (rel)  "  Velocity  of  necondary  body  relative  to 
that  of  the  primary  body  at  time  t  -  {2; 
and 

I''||  3(^1)  "  Velocity  of  secondary  body  relative  to 
that  of  the  primary  body  at  time  t  “  1 3. 


from  the  force-elongation  curvet*  of  the  various  sus¬ 
pension  line  materials.  However,  if  the  force-elonga¬ 
tion  curve  cannot  be  expressed  in  an  equation,  or  if 
such  a  curve  is  not  available,  a  first  approximation  of 
linearity  may  be  assumed-  The  following  equation  may 
then  be  written 


where 


Helative  velocities  are  used  in  the  equation  instead 
of  actual  velocities,  because  the  distance  through 
which  the  snatch  force  acts  is  measured  relative  to 
the  primary  body;  thus,  the  velocities  during  this  time 
must  also  be  measured  relative  to  the  primary  body. 
Substituting,  since  ('  [j  3  (rej)  -0, 

(4-15)  \E  -  l/2mcV2„i2(re|) 


If  no  special  shock-absorbers  are  installed,  the 
force  must  be  transmitted  through  the  suspension 
lines.  Ileing  elastic,  the  lines  extend  and  transmit  a 
tractive  force  on  the  drag-producing  surface  and  the 
suspended  load.  Thus, 


(4-16) 


P  dL 


where 

P  m  Momentary  tractive  force  in  the  suspension  lines, 
lb;  and 

dL  -  Elongation  of  suspension  lines,  ft. 

In  order  to  integrate  the  above  equation,  the  force 
( P )  must  be  written  as  some  function  of  the  length 
(£,).  It  may  be  possible  to  obtain  such  an  equation 


Z  -  Number  of  suspension  lines; 

P'  -  I  freaking  strength  of  suspension  lines,  lb; 

"  Percent  elongation  of  suspension  lines  at  P'; 
£  «*  Elongation  of  suspension  lines,  per  cent. 


From 


(4-18) 


A  L  = 


Ls  +  (L, 


It  follows  that 

(4-19)  dL  -  Lsd( 


and  kinetic  energy  may  be  expressed  as 


(4-20) 


which,  after  integration,  becomes 

(4-21)  E  -(1/2)  Lt  ~  f2+C| 

From  the  initial  conditions,  when  E  ■  0,  \E  m  0,  it 
follows  that  C|  -  0  and  the  kinetic  energy  amounts  to 


(4-22) 


E 


(1/2)  Ls 


ZP' 


£2 
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or 


(4-23) 


7.La  P' 


Substituting  this  value  for  f  into 


(4-24) 


givea 

(4-25) 


ZP'J 2  A  E  F  J2\E  ZP' 

£''Zl.gP'"'  !‘,C 


Substitatiag  for  A  E  from  F.q  4-15 


(4-26) 


P 


V\.  2  (rel)  Z/" 

”77?' 


la  thin  farm,  ike  force  dae  Ip  kiaeiic  energy  ia  now 
reduced  to  a  faactioa  of  ike  differeatial  speed;  ike 
determiaatioB  of  tkia  speed  ia  ike  next  objective  ia 
ike  calcalatioa  of  snatch  force. 

4.2  Derivation  of  Velocity  Equation.  At  tke 
time  of  release,  botk  bodies  ksve  tke  same  actaal 
velocity  vg.  Upoa  separation,  botk  bodies  kave  tke 
same  actaal  velocity  Fj  j  =  Fjj  |  »  Vj  .  At  tke  lime 
L  m  /,(t  tbe  actual  velocitiea  at  tie  primary  and  secon¬ 
dary  bodies  nmoaat  to  F|  2  and  Fjj  2  respectively. 
At  tbe  iastaal  L  -  f-max.  tke  primary  and  secondary 
bodies  have  tke  name  actaal  speed  Vi  3  -  F(j  3  -  v(. 

The  actaal  velocity,  v(,  is  the  velocity  at’tke  in¬ 
stant  when  tke  canopy  is'  jast  starting  to  inflate  and 
snatch  force  has  already  occurred.  Tke  mathematics! 
calculations  for  coavertiag  laanchiag  velocity,  Vp, 
to  the  velocity  at  ike  beginning  of  inflation,  v,,  can 
be  divided  into  several  distinct  steps. 

If  atatic-liae  deployment  of  tke  parackate  is  ased, 
the  time  taken  for  the  static-line  to  extend  felly  and 
initiate  the  separation  of  tbe  parackate  from  tke  ass- 
pended  mess  mast  first  be  known.  Daring  this  period, 
the  stm pended  mans  and  parackate  remain  together  and 
are  aasamed  to  be  retarded  only  by  tbe  *•8  force 
generated  by  the  saspeaded  mans.  It  is  also  asaamed 
that  tke  laanchiag  vehicle  maintains  constant  velocity 
and  level  flight.  When  this  time  has  been  found,  tke 
velocity  of  tke  system  at  tke  instant  tbe  static-line 
ia  fully  extended  mast  be  calcalated,  taking  into  ac¬ 
count  tke  effect  of  gravity. 

After  separation  of  the  parackate  and  saspeaded 
mass  is  initiated,  it  is  necessary  to  find  the  time  for 
tbe  parackate  and  suspended  swas  to  separate  a  dis¬ 
tance  equal  to  tke  length  of  tke  suspension  lines,  at 


which  instant  the  lines  are  straight  bm  not  stretched. 
Daring  this  period,  the  parachute  and  the  saspeaded 
mass  are  retarded  by  their  individual  drag  forces.  It 
is  necessary  to  find  tke  individual  velocities  of  the 
parachute  and  the  suspended  mass  nt  tbe  end  of  the 
time  period  of  known  length. 

If  it  is  assumed  that  the  required  time  is  negligible 
for  the  lines  to  stretch  and  snatch  force  to  occur,  the 
velocity  of  the  system  after  snatch  has  occurred  is 
the  some  as  tke  velocity  at  tke  beginning  of  inflation, 
t>  used  in  the  calculations  for  opening-time  and 
opening-forces  of  an  inflating  canopy. 

4.2.1  K0IIAI1ONS  FOR  VKIACITY  AT  DKI’I-OY- 
MKVr  INITIATION.  If  the  effect  of  gravity  is  neg¬ 
lected,  the  applicability  of  tke  equations  derived  is 
limited  to  the  cane  of  horizontal  or  near-horizontal 
deployment.  The  equation  of  motion  for  a  body  whose 
drag  area  is  CfjS  can  then  be  written  as 

(4-27) 

I  .citing 

(4-28) 

then 
(4-29) 
or 

(4-30) 

Integrating  Kq  4-30 

(4-31)  1  =  It  ♦  C, 

V 

Cj  is  the  constant  of  integration.  The  initial  conditions 
are  v  »  vQ  at  I  »  0  which  gives 

(4-32)  C,  -  -L 

vo 

Substituting  Kq  4-32  into  F.q  4-31 , 

(4-33)  1  -  /*  +  1 

v  v~ 


miH  -  -  Ip  Crfv1 


dt 


-e4 


dv 

dl 


-  J/v2 


dv 

.2 


-9  -  -  /* 


(4-34) 


/v0l  +  l 
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Kq  4244  gives  the  velocity  at  any  limt-  t.  It  is  also 
Inn*  dial 


(4-35) 


( uu>) 


<// 

7t 


M 


ih  Uj  i  1 

which  when  integrated  gives 


(I-IT 


/  -  —  lull  •  /.•  /)  t  t.'i 

J  °  1 


(  ||  is  again  the  constant  of  integration,  which  at  /  *-0 
and  /  *>  0  gives  f.'||  *  0. 


lienee 

( t-IK) 


/  -  ~  In  (  I  t  Ji  (>l) 


where  l  is  the  ilistance  traveled  hv  tlie  lioilv  in  recti¬ 
linear  motion. 

It  is  necessary  to  know  the  tins*  taken  to  extrnd 
the  static-line  before  the  velocity  can  Is*  calculated. 
Assume  that  it  takes  /  j  seconds  for  the  static  line  of 
length  L  |  to  extend  fully.  Ihe  horizontal  distance 
traveled  by  the  composite  mass  in  this  time  is 


U-.19) 


1 1  -  ~  l"  (l  +  J\  'i> 
}\ 


wh  ere 

/,  -  p(C,)S)li  2m,)f). 

m/Ut.  *  Mass  of  suspended  load  plus  complete  para¬ 
chute  system; 

(C pS)^  *“  Drag  area  of  primary  Iwsly:  and 
V0  *  Velocity  of  launching  vehicle. 

Ihe  horizontal  distance  traveled  in  time  fj  by  the 
launching  vehicle  is 


(4-40) 


l2  -  Vl 


After  time,  f j ,  the  horizontal  separation  distance  be¬ 
tween  the  launching  vehicle  and  mnss  is  given 

by 

(4-41)  f2-f!  --  In  0  +  7, 

If  the  drag  of  the  composite  body  in  the  verticnl  direc¬ 


tion  is  neglected  (since  that  velocity  is  small),  the 
vertical  distance  traveled  due  to  gravity  is  approxi¬ 
mately  1  2  gt“|  The  total  displacement  of  the  system 
with  respect  to  the  launching  vehicle  can  now  be 
determined  from  the  Pythagorean  Iheorem. 


■  i  *  [yi  ~7, 1,1  n  4  Vr/i*] 


(4-42)  /. 


This  equation  gives  a  relationship  allowing  the  de¬ 
termination  of  time  tj;  however,  a  trialsind-error  solu¬ 
tion  is  necessary  (see  l  ig.  4-.').r>).  After  fj  has  been 
determined  by  trial  and  error,  the  velocity  at  the  in¬ 
stant  the  static-line  is  extended  can  be  found  from 


(4-4.1) 


I.  1 


h  'i  '  1 


II,  1  "  x'd 


4.2. 2  Kyl'VHONS  I'OII  VKI.OCITY  AT  SUSPKN- 
S|ON -I  INK  STIIKT(*II.  Hefore  the  velocities  of 
the  primary  and  secondary  bodies  can  be  determined, 
it  is  necessary  to  find  the  time  required  to  extend  but 
not  stretch  the  suspension  lines. 

Assuming  that  it  takes  f.>  seconds  for  the  bodies  to 
separate  a  distance  1.^,  the  horizontal  distance  tra¬ 
veled  In  tin*  . . .  bodies  in  time  /•>  is 


(4-44) 


where 


I 


b "  r  ln  (1  +  h  i  d  ,2) 

J  A 


h 


’  h 

p{(:ns)i, 


2mb 


( (■[)$)  f,~  Drag  area  of  suspended  load: 

m  ..Mass  of  priniury  bcslv  (suspended 
load);  and 

Vj  •  I  |  j  *-  I  ||  ]  =-  Velocity  at  static  line  extension 
or  deployment  velocity. 


Similarly,  the  horizontal  distance  traveled  by  the 
secondary  body,  or  canopy,  in  time  l.y  is 


(4-4  .A) 

where 


1 

lc  -  -  ln  (1  +  lc  vd  t2) 


P  u:,yS’)( 


(Qh'V  “  area  uninflated  parnchute  and  pilot 

chute,  when  applicable;  and 

mr  -  Mass  of  canopy,  excluding  sus|)ension 
lines  from  canopy  skirt  to  confluence  point, 


Fie-  4-15  Trial-and-Frrnr  Solution  for  t 


pilot  chute  when  applicable. 

ITie  Reparation  between  the  bodies  after  time  ia 


11.5 

32l 


-  0.357 


(4-46)  La  .  L  |„  (1  +  Jbvjt2)  -  L  la  0  +  / cvjt2] | 
b  !r 

Ilia  gives  a  relatioaahip  to  determine  (j,  but  again 
a  trial-aad-eiror  aolutioa  muat  be  employed  (aee  Fig. 
4-36).  Once  f2  ia  known,  the  velocitiea  of  the  primary 
and  secondary  bodies  may  be  found. 

vj 

(4-47)  V ,  2  -  JbVjt2  +  |  (or  the  velocity  of  primary 
body) 

Vj 

(4-48)  F|j^  2  "  - - ;  (or  the  velocity  of  secoa- 

ycV2  +  l  darybody) 


t  m.  -  !il!f  - 


P  (cf>S)  b 

(1 .898  x  10"3)  (4) 

2  (mb  +  nf] 

1  (2)  (6.57) 

P{CD&b 

(1.898  x  10-3)  (4) 

2-6 

(2)  (6.21) 

P  (C05)c 

(1.898  x  10-3)  (3) 

5.778  1  I0"4 


2m. 


(2)  (0.357) 


It  ia  anaMMsd  that  the  time  taken  for  the  anapemiioa 
lines  to  stretch  and  anatch  force  to  occur  ia  small, 
no  that  deceleration  of  the  primary  body  during  thin 
time  due  to  its  drag  farce  ia  a  mall  aad  con  he  neg¬ 
lected.  Therefore, 


(4-49) 


V 


1.2 


By  oar  of  the  calculation  sheet.  Fig.  4-35,  it  is  found 
that  tj  -  0.85  oec.  Ileace 


•rf-h.l  -»'iu 


'iVi  +  1 


220 

1.1060 


-  198.6  fpa 


4-2-3  KXAMPlil  OF  SNATCH-FORCE  CAIXWLA- 
TTON.  If  it  ia  assumed  that  the  following  coadi- 
«*iat,  the  aaatch  force  for  those  conditions  can 
be  calculated: 

*b  -  200  ««*: 

*  !  1 .5  lb  (for  parachute  caaopy); 

^0^b  “  4  sq  ft  (for  saapeaded  load); 

We  “  3  aq  ft  (for  aaiaflated  parachute  caaopy); 

2  “  28  bus  pension  lines; 

P  »  550  lb,  Ixeakiag  strength,  suspension  lines; 
L,  ”  22.8  ft,  length  of  nuapenaion  lines; 

-  15  ft,  atatic-liae  length; 

(  »  36.7%  elongation  of  aaspeaaioa  lines  (from 
load  v ernes  elongation  carve); 

"o  *  (30  knots  launching  speed  -  220  fps; 

p  =  1  -898  x  10"3  slags/ft3  (alt.  7500  ft) 

Specific  valaes,  after  eolation,  are  an  follows: 


Having  obtained  vj,  the  velocity  at  atatic-line  exten¬ 
sion,  the  next  objective  is  to  find  l2.  the  time  required 
for  separation  of  primaiy  and  secondary  bodies  for  the 
distance  Lf.  Using  calculation  sheet  Fig.  *^6  u,  « 
0.49  sec.  Hence  ’  z 


vd 


196.6 


and 

V\ 


1  2  h  vd*2+l  '  }  “  187  5  ^  ^  3  “  ^I,  3 

vd 


196.6 


/  #  1  *  111.8  fps 

Jcvdt  2  +  l  1.776  F 


KII,2(reI)  17  yi,2~  yH,2  =  ,87-5  -  111.8  -75.7  fps 
Substituting  this  velocity  in  the  kinetic-energy  equation 


(V50)  P  -  VUc  Vll,2  Zn/(LS  (') 

then 

P  *Vtft>-357)(75.7)2(28) (550)]  /  ((22.8)  (0  367)  =  1940  lb 


However,  the  anatch  force  in  the  suspension  lines  at 
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Fig.  4-36  Calculation  Sheet  to  Determine  t 


2  OOOr 


/,  is  thr  sum  of  the  force  produced  by  the  change 
in  kinetic  energy  |>Iun  the  nvernge  drug  force  or 


(t-r.i) 


/*  t  F.. 


where 

(4-52) 


■4V, 


which  in  thin  example  turnn  out  to  lie 

(0.0018Q8)  Cl)  (fllLS)2  +  i  187.5)2] 


h\  -  1940  + 


2<X)7.8  !b 


(4) 


The  preceding  Muniple  calculation  prenentn  n  method 
for  detennining  thr  snatch  force  for  u  static-line  de¬ 
ployment  system,  and  shows  the  calculation  of  the 
time  elapsed  during  static-line  extension.  If  the 
snatch  force  is  being  calculated  for  a  system  which 
utilizes  automatic  deployment,  where  the  time  from 
release  to  deployment  initiation  is  known,  this  strp 
is  eliminated.  However,  if  a  system  is  deployed  by 
means  of  a  pilot  chute,  the  weight  and  drag  area  of 
the  pilot  chute  must  be  udded  to  the  terms  Tr  and 
U:„S)  respectively.  See  Chapter  12. 

The  assumption  that  there  is  an  average  drag-area 
of  the  uninflated  canopy  is  not  always  reliable  be¬ 
cause  normal  canopies  can  be  partially  inflated  dur¬ 
ing  the  period  of  line-stretch.  The  snatch  force  can 
thus  be  increased  by  a  significant  amount.  In  prac¬ 
tice,  the  values  of  drag  area  meusured  will  deviate 
considerably,  both  above  and  below  the  calculated 
values,  if  an  uncontrolled  deployment  is  employed. 
•Tiese  possible  errors  in  the  assumption  of  uvertige 
drag-area  art  reduced  in  magnitude  when  determining 
the  snatch  force  for  a  parachute  system  which  utilizes 
controlled  deployment,  using  deployment  bags,  sleeves, 
or  other  devices  which  restrict  the  inflation  of  the 
canopy  during  deployment.  These  systems  yield  more 
consistent  and  predictable  values  of  the  drag  area. 

4.3  Measures  to  Reduce  Snatch  Force.  The 

preceding  discussion  demonstrates  that  snatch  force 
can  be  a  significant  factor  for  consideration  in  the 
design  of  parachute  systems.  In  order  to  limit  or  re¬ 
duce  developed  snatch  forces,  several  methods  can 
be  employed: 

(a)  The  drag  area  ( CpS )  of  the  uninflated  canopy 
and  pilot  chute,  when  applicable,  must  be  reduced  to 
the  minimum,  and  any  tendency  to  inflate  the  canopy 


Fig.  4-37  Force  vs  lime  of  a  JS-ft  Flat  Circular 
Canopy  (\o  /fog  Deployment) 


partially  prior  to  line  stretch  must  be  eliminated. 

(b)  Control  of  inflation  tendencies  may  be  accom¬ 
plished  by  use  of  a  device  known  as  a  skirt  heaitator, 
which  restricts  the  skirt  of  the  canopy  and  prevents 
canopy  inflation  until  the  completion  of  line  snatch. 
Tests  show  that  hesitators  have  been  succes  sful  at 
deployment  speeds  from  100  to  050  knots. 

(c)  Decrease  of  the  distance,  Lf  (suspension-line 
length),  will  reduce  snatch  forces. 

(d)  Use  of  suspension  lines  with  high  elongation 
will  decrease  the  peak  force  at  saatch. 

(e)  Minimizing  the  canopy  weight  will  reduce 
snatch  force. 

(f)  Packing  methods  may  also  affect  the  develop¬ 
ment  of  snatch  forces.  When  the  canopy  of  a  parachute 
is  packed  in  a  roll,  rather  than  accordion  folds,  the 
mass  of  the  canopy  is  not  fully  effective  at  the  snatch. 
Only  a  fraction  of  the  total  mass  is  accelerated  linear¬ 
ly  with  the  suspension  lines  as  a  portion  of  the  mass 
unrolls.  The  remainder  of  the  canopy  begins  its  rotat¬ 
ing  uction  which  distributes  the  total  force  over  a 
longer  time  base,  reducing  peak  forces  considerably. 


Fig.  4-38  Force  vs  Time  of  a  28- ft  Flat  Circular 
Canopy  (Raft  Deployment) 
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Fxperimenta  have  shown  (hut  the  maximum  snatch- 
force  is  reduced  by  approximately  40  per  cent  if  roll 
packing  ami  deployment  are  used,  deduction  of  as 
much  us  60  per  cent  has  been  accomplished  by  rolling 
a  portion  of  the  suspension  lines  ulso.  This  latter 
method,  however,  is  unreliable. 

(g)  Hag  deployment  can  be  used.  Kxperiments  with 
man -carrying  parachutes  have  shown  that  very  high 
and  undesirable  snatch  forces  ran  be  obtained  at  de¬ 
ployment  speeds  of  130  knots.  A  number  of  methods 
for  reducing  this  force  were  employed,  but  none  was 
as  successful  at  speeds  up  to  350  knots,  as  bag  de- 
pioyment.  Fig.  4-37  and  4-38  show  comparative  force 
(versus  time)  developed  by  a  canopy  with  and  without 
bag  deployment.  It  should  be  noted  that  the  reconiings 
are  average  and  typical,  and  are  not  isolated  examples. 


SEC.  5  FILLING-TIME  AND  OPENING- SHOCK 
OF  CANOPIES 

The  detemiinatiun  of  the  filling-time  and  opening- 
shock  of  textile  parachute  canopies  bv  mathematical 
processes,  based  upon  an  analysis  of  the  physical 
process  of  canopy  opening,  has  not  yet  been  solved 
satisfactorily.  Two  different  cases  can  be  considered 
in  the  analysis  of  the  dynamics  of  canopy  opening. 
One,  the  “infinite  mass"  condition,  stipulates  that 
the  velocity  of  the  parachute-load  configuration  does 
not  change  appreciably  during  the  period  of  canopy 
inflation,  and  can  therefore  be  considered  constnnt. 
The  other  case,  the  “finite  mass”  condition,  stipu¬ 
lates  that  the  velocity  decay  during  the  inflation  is 
substantial  and  must,  therefore,  be  considered.  In 
general  practice,  the  “infinite  mass''  condition  can  be 
assumed  to  exist  if  the  canopy  drag  loading  (If  Y.'jj.S) 
is  larger  than  30  psf,  which  means  that  the  terminal 
velocity  of  the  configuration  at  sen-level  density  will 
be  greater  than  150  fps. 

A  second  differentiation  should  be  made  for  the 
calculation  of  opening-shock  forces  developed  by 
solid  cloth  textile  parachute  canopies  and  by  canopies 
with  inherent  geometric  porosity  when  the  calculation 
is  done  under  finite-mass  conditions.  In  the  develop¬ 
ment  of  opening-shock  forces  on  solid  cloth  canopies, 
the  effective  porosity  of  the  canopy  cloth  has  been 
found  to  be  a  major  factor  and  must  be  token  into 
consideration. 

A  much  simpler  approach  can  be  taken  in  the  cal¬ 
culation  of  opening-forces  generated  by  canopies 
operating  under  infinite-mass  conditions,  since  em¬ 
pirical  values  are  known  for  various  types  of  canopies 
which  relate  the  maximum  force  developed  to  the 


steady  drag  generated  by  the  canopy  under  the  same 
velocities  conditions. 

When  a  canopy  is  deployed  downstream  of  the  pri¬ 
mary  body,  it  is  initially  in  an  uninflated,  elongated 
shape.  The  net  gain  of  the  air  flowing  in  and  out  of 
the  canopy  alters  the  canopy’s  shape  until  the  final 
shape  of  full  inflation  is  reached.  During  this  process, 
a  retarding  force  acts  upon  the  load  connected  to  the 
canopy.  The  magnitude  of  this  force  is  a  function  of 
the  time  of  canopy  inflation,  usually  called  canopy 
filling-time.  Since  the  filling-time  of  canopies  con¬ 
sidered  operating  under  infinite-mass  conditions  is 
extremely  short,  by  definition  a  velocity  decay  of  the 
suspended  load  during  canopy  inflation  will  not  occur. 
For  canopy  operations  under  finite-mass  conditions, 
the  canopy  filling-time  can  be  substantial,  and  through¬ 
out  the  process  of  filling  a  retarding  force  acts  upon 
the  suspended  loud.  Therefore,  the  determination  of 
the  filling-time  of  a  canopy  is  an  essential  part  of 
the  opening  problem  itself.  The  value  of  the  filling- 
time  must  be  known  or  be  determined  fairly  accurately 
in  order  to  calculate  the  resulting  opening-shock; 
otherwise,  if  thr  filling-time  has  to  be  guessed  or 
assumed,  the  success  of  the  conventional  methods 
drpends  upon  the  experience,  related  information,  or 
successful  estimation  by  the  pnruchute  designer. 

5.1  Opening-Shock  of  Conopits  Under  Finite- 
Mots  Conditions.  A  number  of  methods  for  cal¬ 
culation  of  the  opening-shock  of  canopies  have  been 
developed  thut  provide  generally  satisfactory  results 
if  the  approximate  filling-time  of  the  canopy  is  known. 
Several  authors  (Ref  (4-34),  (4-35),  (4-36))  have  pro¬ 
posed  strictly  analytical  methods  for  the  calculation 
of  filling  time  and  opening  force.  However,  with 
attempts  to  make  these  methods  as  perfect  and  logical 
as  possible,  they  have  become  cumbersome.  Further¬ 
more,  a  number  of  essential  parameters  are  presently 
either  not  uvailable  or  not  well  defined,  and  it  appears 
to  he  very  difficult  to  obtain  results  with  any  satis¬ 
factory  degree  of  accuracy.  The  consequence  is  that 
these  calculation  methods  have  not  checked  out 
against  experimental  results,  und  have  not  been  re¬ 
duced  to  practice.  A  newer  attempt  is  represented  in 
Ref  (4-37);  however,  this  method  was  developed  speci¬ 
fically  for  canopies  with  inherent  geometric  porosity  , 
and  so  for  has  also  not  been  reduced  to  general  prac¬ 
tice. 

5.1.1  SOLID  Cl X) Til  TEXTILE  CANOPIES.  A 
new  analytical  method  has  been  developed  which 
adopts  the  concept  initially  proposed  in  Ref  (4-34), 
but  includes  one  primary  and  simplifying  assumption; 
it  is  assumed  thnt  during  the  inflation  process  the 
drug  area  of  the  canopy  increases  with  respect  to 
time  in  u  linear  manner,  nnd  that  this  linearity  is 


Fig.  4-39  Shape  of  Fully  Inflated  Canopy 

determinate  in  the  total  filling-time.  On  the  baais  of 
this  assumption,  a  number  of  governing  relationships 
can  be  established.  An  analytical  method  has  been 
devised  which  provides,  with  a  reasonable  amoanl  of 
effort,  numerical  values  for  the  filling-time  as  well  as 
giving  a  force-time  relationship. 

.A. 1.1. 1  Filling-Time.  The  time  of  inflation  of  n 
canopy  depends  a  poo  the  mass  of  air  flowing  into  the 
canopy  and  the  amount  of  air  which  in  lost  through 
the  porous  material  of  the  canopy.  The  influx  depends 
upon  the  instantaneous  relative  velocity;  the  Iona  of 
air  depends  on  the  differential  pressure  between  both 
sidea  of  the  fabric.  Consequently,  the  inflation  of  the 
drag-producing  surface  becomes  a  matter  of  a  mass 
balance.  The  instantaneous  velocity  and  the  related 
pressure-differential  follow  from  the  equation  of  mo¬ 
tion  based  on  Newton’s  Second  l .aw.  Therefore,  it 
may  be  said  that  the  filling-time  ia  a  function  of  the 
masa  balance  and  the  equation  of  motion. 

A  drag  force  is  associated  with  a  canopy  moving 
through  air,  based  on  the  shape  of  the  canopy.  This 
drag  ia  usually  expressed  in  a  form  similar  to  other 
aerodynamic  farces,  and  ia  the  product  of  the  dynamic 
presume  of  the  fluid  and  the  drag  area  of  the  canopy. 
With  the  assumption  that  the  drag  area  increases 
linearly  with  time  during  inflation,  while  the  drag 
coefficient  remains  constant,  a  linear  increase  of 
projected  canopy  area  ia  obtained. Thun,  the  projected 
canopy  area,  S_,  can  be  expressed  as 

,  .0* 

(4-53)  S  - _ L  -  kt 

Y  4 


Considering  only  flat  circular  canopies  with  nominal 
diameters  0Q,  and  considering  the  fully  inflated  canopy 
to  be  hemispherical  (Fig-  4-39),  Pmmx  can  be  expressed 


(4-55) 


2Do 


w 


The  proportionality  constant,  k,  ia  found  from  the 
condition  Dp  -  Draax  when  t  «  tp  which  gives 


(4-54) 


With  this  relationship,  Eq  4-54  becomes 

D  2 

(4-56)  k  .  S- 

"t 

Substituting  this  into  F,q  4-53  gives,  for  the  projected 
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Fig.  4-41  Diameter  of  Canopy  Mouth  During  Inflation 


canopy  area, 
(4-57) 


or  for  the  projected  canopy  diameter 


(4-58) 


( V/2 


‘ r 


(4-59) 


Subatituting  the  value  of  Dp  from  F.q  4-58  in  Kq  4-59 
and  letting 

(4-60)  1  T 

lf 


An  idealised  canopy  shape  daring  inflation  was  first 
proposed  in  Ref  (4-34).  It  was  sasuraed  to  consist  of 
a  hemisphere  of  diameter  Dp  and  a  truncated  cone 
with  lower  base  of  diameter  Dp  and  upper  base  of 
diameter  d,  as  shown  in  Fig.  4-40.  This  assumption 
is  not  actually  precise,  since  the  spherical  and  coni¬ 
cal  surfaces  will  join  tangentially,  which  would  make 
the  spherical  portion  slightly  more  than  a  hemisphere. 
This  slight  difference  is  neglected.  Then,  by  similarity, 


gives  the  value  of  the  instantaneous  mouth  diameter, 
d,  of  the  canopy  as 


Solid  cloth  canopies  are  constructed  of  porous  fabrics 
which  allow  a  certain  portion  of  the  air  inflow  to  flow 
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(1.67) 


through  tht*  drug-producing  surface.  It  in  the  difference 
between  the  iiuinh  flow  entering  the  mouth  of  the  canopy 
n nil  the  iiiiimn  flow  through  the  drag-producing  surface 
that  niuneii  the  cano|iy  to  inflate.  I'hi k  may  be  cx- 
(iresseil  niuthem>itieall\  as 


nil"  „  nl)~  d 

—  '«  f  ~  _JL  l'p  -  (pV) 

1  2  di 


Since  the  inflution  of  the  canopy  re  quire  a  relatively 
little  time,  chungcs  in  aitituile  (luring  the  period  of 
canopy  inflation  are  negligible.  C.onNrquentlv,  it  can 
br  usNunied  that  the  uir  density  reniainH  constant. 

It  is  necessary  to  express  the  inflow  and  outflow 
velocities,  ijn  and  f  ,  as  functions  of  the  velocity  of 
the  load* parachute  configuration,  r.  At  the  beginning 
of  the  inflation  process  the  inflow  velocity  is  nearly 
equal  in  magnitude  to  the  free-stream  velocity,  where- 
us  after  complete  inflation,  n  stagnation  point  is 
formed  and  the  inflow  velocity  is  negligible.  As  an 
approximation,  it  is  assumed  that  the  ratio  of  inflow 
velocity  to  free  stream  velocity  decreases  linearly 
with  time,  thus  giving 
(1-6.1)  'in 

T  - 1  -  T 


<1.6 :»  .  V  -  in  ^ 

.(*».,  -)-  *3 

This  equation  repreNents  the  basil'  working  equation 
for  finding  the  filling-time,  t ^  My  expressing  i\.  us  a 
function  of  T  and  integrating  the  right  side  from  7*0 
to  /•!,  und  the  left  side  from  1*0  to  l'  I '  ,  a  solu- 
lion  for  the  filling-time  can  br  obtuined. 

A  further  simplification  of  Kq  1-67  can  be  obtuined 
by  assuming  tliut  the  length  of  parachute  suspension 
lines,  f<s-  is  equal  to  the  nominal  eunopy  diameter, 
/)f(.  Then  from  Kq  4-50 


Ikilh  the  expression  foi  /)  given  by  Kq  4-58, 

,  i  7' 12 

(•4-60)  1  _  rr  1 

no  3-7'1  2 


The  flow  velocity  through  the  drag-producing  surface  Since  (Kq  1-55) 
is  then  assumed  to  be  proportional  to  the  inflow  vein- 


us  gives 


!'  -  C 


where  (■  is  the  “effective  porosity”  of  the  canopy 
fabric,  defined  as  the  ratio  of  the  outflow  velocity  to 
the  inflow  velocity  of  the  flow  through  a  porous  fabric 
(see  Sec.  3).  Thus,  for  Kq  1-61  to  hold,  the  flow  velo¬ 
city  just  inside  the  drag-producing  surface  must  be 
ei|unl  to  the  inflow  velocity  through  the  canopy  mouth 
opening. 

liv  substituting  Kq  1-58,  1.61,  1.63,  anil  1-61  into 
I'.q  1-62  und  dividing  by  p. 

di  I)'1  ,,  (1-7)  7 

(1-65)  —  -  -if — ! -  x 

dt  n 


i?f  s  *  IK,  ^  "  2C_ 


My  making  the  substitution 


Kq  4-69  can  be  rewritten  as 
d 

14-71)  7\  ' 


-1  '■> 
O  T 1  - 


Kor  simplicity,  this  expression  cun  be  approximated, 
ns  shown  in  b  ig.  4-11,  bv 

(  4-72)  -  -  /' 2  3 

I) . 


o  2/3 


With  this  simplification,  the  basic  working  equation 
for  finding  the  filling  time,  becomes 

(4"74)  “  .  y  „  jo  -  r)  rX  3 - 2C.r  (1-7’)J 


Kq  4-65  becomes 
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Although  the  solution  of  the  filling  time  for  the  in¬ 
finite-mass  case  is  relatively  simple  (see  5.2.1),  a 
solution  for  the  finite-muss  case  is  much  more  com- 


p  lie  Mini,  ami  Newton's  Second  I  ,ow  of  Million  iiiuhI  be 
tint'll  in  llm  process .  Newton's  Si»fiintl  I .uw  states  tlml 
un  unbalanced  force  which  at  In  tin  n  hotly  produces  a 
rate  of  change  in  ilia  mnnmnlum  of  ilia  Imtlv  equal  to 
(he  unbalanced  fon  t'.  It  tail  lir  writtrn  an 


(4-75) 


d  Uf) 
dl 


F 


ll  should  be  pointed  out  that  ilia  filling-time  ami 
opening-shock  equations  are  tlarivatl  by  neglecting 
ilia  influence  of  gravity.  Thin  restricts  tba  ana  of 
these  equations  to  tba  tana  of  bori/ontal  or  neur- 
hori/ontal  ilaplovmant .  Ilowavar,  ilia  equations  t  an  ba 
motlifiatl  to  allow  calculation  of  tba  filling  tiina  tuitl 
opening-shock  of  a  canopy  untlar  vertical  deployment 
conditions  (see  (diopter  12).  In  tba  t  una  of  un  inflating 
canopy,  the  force,  F,  in  ilia  nrrotlvniimic  drug  force. 

(4-76)  F  -  OJtpC/)  Sv“ 

and  the  muss  tenn,  «n,  include*  ilia  moss  of  the  huh- 
pended  load,  *  g,  the  mass  of  the  uir  truppatl  inside 
the  drag-producing  surface  of  Ilia  canopy,  m-.  and  a 
term  called  apparent  mass,  m(J,  which  reaulta  from  the 
transfer  of  energy  to  the  surrounding  air  by  a  body 
moving  through  tha  air.  The  actual  mans  of  the  canopy 
itself  is  neglected. 

{«)  Included  ilaxx.  The  included  mass  is  the 
mass  of  tha  uir  trapped  within  the  drag-producing 
surface  of  tha  canopy  and  con  be  expressed  as  m(-  -  pi  . 
Assuming  un  idealized  canopy  shape  during  inflation 
(Fig.  4-40)  and  assuming  /.  -  />  .  the  volume  enclosed 
bv  tha  ilrug-proilucing  surface  is 


Substituting  Fq  4-58  and  4-69  into  I'.q  '4-77  gives 


x 


(4-78)  I 


|  i  o  *  It/ 

|(1-  /  *>“  -  T  4-  7  1 


Ibis  equation  is  vary  complicated;  u  simplification 
bv  means  of  tut  appropriate  approximation  is  desiruble. 
Since 


max  o 

:u- 


Kq  4-7B  cun  be  rewritten  as 


‘max  |  Jj4  Cl  -  F  !)3J 


1,.1-rV  -  \  /•  - 1  / 

nL  n  ' 


litis  equation  is  plotted  in  big.  4-42.  A  curve  which 
verv  closely  approximates  F.q  4-80,  also  shown  in 
Fig.  4-42.  is  given  by 


-  1.058  - 


(7-1.31)- 


From  which 


20  2  /  (T-1.3I)2\ 

F  «  - 'd~  { 1.058  - ) 

3  rr2  V  l-62  / 


Tha  included  mass  is  then 


(4413)  m-  ~  pi  «• 


)„3  l  (7-1.31)2\ 

-2-  1 1 .058  -  -  ) 

,2  V  / 


I’he  included  muss  may  be  an  important  item  to  be 
considered  in  the  opening-shock  analysis,  und  in  each 
particular  situation  the  effect  of  the  included  mass 
should  be  investigated  to  determine  its  significance. 
For  example,  the  included  mass  at  sea-level  density 
for  a  fully  inflated  flat  circular  canopy  with  a  nominal 
diameter,  D  ,  of  28  ft  is  114  lb;  for  a  canopy  with  a 
nominal  diameter  of  60  ft,  the  included  muss  is  1119  lb. 

(li)  Ipfiareni  i/axs.  During  the  inflation  of  a 
canopy,  the  flow  pattern  und  the  kinetic  energy  of  the 
air  surrounding  the  canopy  undergo  extreme  changes 
due  to  the  unsteadiness  of  motion  and  the  changing 
shape  of  the  canopy.  This  change  of  energy  results  in 
a  force  and  is  related  to  an  increuse  in  mass  called 
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Fig-  4-42  Canopy  Volume  During  Inflation 


the  "apparent"  mass  (Ref  (4-24)).  Kor  regular  solid 
bodiea,  such  as  spheres,  in  potential  flow,  the  apparent 
mans  can  be  determined  exactly.  It  is  possible  to  ex¬ 
press  the  apparent  mass  of  aolid  bodies  of  revolution 
as 

(4-84)  ma  =  A"  it  /?3p 

where  R  ■>  Radius  of  the  body;  and 

K '  ■  Constant  determined  by  the  shape  of  the 
body. 

For  a  aolid  sphere,  K '  =  0.666;  for  a  solid  flat  disk, 
K'-  0.849  (Ref  (4-17)). 

Heinrich  (Ref  (4-25))  attempted  to  determine  experi¬ 
mentally  the  apparent  mass  of  inflated  canopies  of 
various  types  aad  of  different  porosities.  He  found 
that  a  value  of  K  '  »  0.25  gave  a  close  approximation. 
This  coefficient  apparently  changes  in  value  during 
die  period  of  inflation  because,  if  the  assumption 


were  made  that  it  remained  constant,  the  canopy 
would  have  an  apparent  mass  equal  to  that  of  a  fully 
inflated  canopy  with  a  projected  diameter  equal  to 
the  projected  diameter  of  the  inflating  canopy.  It  ia, 
therefore,  a  reasonable  assumption  that  the  apparent 
mass  associated  with  intermediate  inflated-canopy 
shapes  is  less  than  for  the  fully  inflated  canopy,  and 
the  approximation  is  made  that  the  apparent-mass 
coefficient,  K  ',  varies  linearly  with  time  during  infla¬ 
tion,  reaching  a  maximum  value  of  0.25  at  full  infla¬ 
tion.  This  is  apparently  the  upper  limit,  and 

(4-85)  K  '  •=  0.25T 

The  apparent  inass  of  a  canopy  can  then  be  expressed 

as 

(4-86)  ma  -  0.25  *  R*  p  T 

with 
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[l.71 -('A- I.31)2] 


I) 

(1-87)  H  «  J1  - 

2 

and  Kq  4-86  can  be  written  ait 
(4-88)  m 


nj 


1/2 


p'K,  r  5/2 


4nz 

Under  the  stated  assumptions,  the  apparent  mass  of 
the  fully  inflated  canopy  in  equal  in  magnitude  to  3/8 
of  the  included  mass;  therefore,  it  cannot  be  neglected. 

(r)  Total  Mass.  The  total  mass,  m,  which  was 
defined  as  the  sum  of  the  suspended  muss,  the  in- 
cluded-air  mass,  and  the  apparent  mass,  cun  be  ex¬ 
pressed  as 

a/ 

(4-89)  m  - 

Substituting  Kq  4-83  and  4-88  into  Kq  4-89: 

(4.90)  m  Iflll  /l.058 - 

*  3s2  \  1,62  / 


P'K 


+  — -  T 
4a2 


5/2 


(d)  Instantaneous  Velocity.  With  the  expres¬ 
sion  for  the  total  mass  given,  a  solution  of  Kq  4-75 
can  be  attempted.  Substituting  the  expression  for  the 
total  mass  (see  Kq  4-89) 


(4-91) 


+  m.  *  m 
i  a 


and  the  expression  for  the  aerodynamic  drag  generated 
(see  Kq  4-76), 


F-P  CDSV 2 


(4-92) 
into  Kq  4-75  yields 

(4-93)  ♦  «.  +ma)v]  *-§ClrSv' 


(4-94)  (£  +  m.  +  s)i%c  (dJ2.i  +  ^  ) 

8  dl 


dt  dt 


-  £  CnSc2 


By  making  the  following  substitutions 


(4-95)  mi  --  99.1  •  I  O’6  a  />f)' 
from  Kq  4-83 

(4-96)  m(J  60.075  -  I0*6  «  b*  7r>/2  from  Kq  4-88 


(4-97)  ,fm. 


■*  -198.2  -  lO-6  "Jjl  (T-I.1l) 


dl 


dm. 


7 


(  4-98)  __2  -  150.2  •  I  O'6  ''-liL  T 3/2 
(ft 

7 

(4-99)  |  r„s-  -  (f:/,S)mui(  /• 


3 


Kq  4-94  becomes 


(4-100) 


if’ 


*«/>„•’  •  10 


r-^6  'M  0K  T 


■,•5/2 


♦  99.1  [l  71  -  (T-  1.31)2] 
[150.2  7' 3/2  -  198.2  (T  -  1.31)] 
3  '  'IT  'max 


(ft,  v 
dt  '  t,  ' 


7 


,1B9  'f.<2 


By  rounding  off  the  numerical  coefficients  and  sub¬ 
stituting 


(4-101) 

Kq  4-100  becomes 


dt  =■  tfdT 


SIT  .  106  c  m 

- ;  +  3T&/2  +  5  [  1.71  — (r—  1.31) 

20go/>o3  L 

57  +  s„  ^r3/2  -  4(r  -  i.3ij| 

120(%S’>max  7  r„2 

in  an  attempt  to  simplify  this  equation,  the  expressions 

(4-103)  3T5/2  +  5  [l.71  -  (r-1.31)2] 


and 

(4-104) 


3  T 3/2  -  4  (T  -  1.31) 
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lire  plotted  versus  7  in  Fig.  4-4.1.  From  this  plot  it 
can  be  seen  that  the  first  expression,  which  repre¬ 
sents  the  sum  of  the  included  and  apparent  musses, 
is  very  nearly  linear  and  can  be  approximated  by 

(4-105)  17’5  '2  f  5  £  1.71  -  (T  -  1.31)2]  -  1 1 .25  7’ 

The  second  expression  also  has  a  nearly  constant 
value  of 

(4-106)  3  7’3/2-4(r-1 .31)  »  4.5 


since  this  sum  is  a  nearly  linear  function  of  time,  the 
constant  value  seems  reasonable.  Making  these  ap¬ 
proximations,  Kq  4-102  then  becomes 


(4-107) 


'  If  ■  106 

i20  go0o3 


+  11.25 


22. 5 1- 


120  (WiaxV  r„2 
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Since  this  last  expression  represents  the  rate  of  change 
of  the  sum  of  the  included  and  apparent  masses,  and 


This  equation  represents  the  instantaneous  velocity 
of  the  load-parachute  configuration  during  inflation 
and  is  in  an  integrable  form.  I.etting 


(  4- 1  OH) 


I 


If  •  I06 
20  g  «  l>  ’ 

*  O 


Thus,  if  for  llii-  Hillin’  operational  altitude  one  drier- 
mi  ill*  h  llir  fillirig-timc  corresponding  In  one  particular 
value  of  r  ,  the  filling-time  corresponding  lo  nny  other 
vulur  of  r  iiiii  ruHily  hr  delrnninrd  from  the  rrlu- 
tioiiMlii|i 


IH 00)  Ilf  (<7)S)mu»  ‘f  r  /{ 


li-112) 


‘f- 


roiiHtunt 


the  solution  for  the  instnntiinrouH  veloritv,  r  ,  is 
U-110)  r 


(  «I  S  r  1 1.25  7'  i 

|  J - (U.25  /  i  I)  |„  - 

s  11.25)“  L  f 


The  following  numerical  process  is  recomiiiendnl 
to  drterininr  the  filling  time  for  any  given  ciihp: 

(1)  (  ulrulate  the  volume  of  uir  enclosed  by  the 
fully  inflated  canopy  drag-jiroduring  surface, 
I  ,  iiHsuming  it  to  be  a  perfect  hemisphere: 


(•1-113) 


1 


21) 


3 


3  n~ 


I  I. 


25  /]  + 


ll.2.r,  /' ,  I 

I 


lr)  h  illing- 1 Vme  I  nine.  Substituting  into  thr 
basic  working  equation  for  finding  the  filling  time 
(F.q  t-T  t)  the  value  of  r  given  by  Fq  4-110,  and  writ¬ 
ing  the  resultant  equation  in  integral  form,  the  follow¬ 
ing  expression  is  obtained,  from  which  the  filling-time 
for  the  finite-mass  case  can  be  determined: 


(Ull) 


*  max  ^ 


"  l  i 


II. 2r.  /  .  I 

(11.25/  .  I)  In 


,  11.25  /  *  M 

11.25  7'  I  .  - j -  | 

The  right-hand  expression  cannot  be  integrated 
directly  without  muking  broad  assumptions  and  sim¬ 
plifications.  Therefore,  to  determine  the  filling-limr 
accurately,  a  numerical  integration  of  the  expression 
is  necessary.  Phis  is  further  complicated  by  the  fact 
that  the  integrand  contains  y,  which  necessitates  the 
use  of  a  trial  and  error  solution. 

From  Kq  4-1  II  it  can  be  seen  that  the  value  of  the 
integral  on  the  right-hand  side  remains  the  same  for 
different  velocities  at  the  beginning  of  inflation,  if 
the  product  (i <^tj)  remains  constant  und  the  effective 
porosity,  (.',  remains  constant.  The  effective  porosity 
actually  varies  slightly  with  v  ,  but  since  this  varia¬ 
tion  is  small,  it  will  he  neglected.  Kith  this  assump¬ 
tion,  the  filling-time  becomes  inversely  proportionul 
to  the  velocity  at  the  beginning  of  canopy  inflation. 


(2)  Tabulate  the  corresponding  value  of  the  effec¬ 
tive  porosity.  ('  as  outlined  in  ‘'action  3. 

(3)  Determine  the  velocity  ut  the  beginning  of 
canopy  Inflation,  t’s,  or  calculate  in  accordance 
with  method  outlined  in  Section  1. 

( -t)  \ssume  u  value  of  the  filling  time,  It,  which 
appears  to  be  in  the  right  order  and  calculate 
the  value  of  the  integrand 


(4-1  ID 
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for  7  varying  from  0  to  unity  in  intervals  of 
0.1.  I  his  calculation  can  be  made  conveniently 
on  a  calculation  sheet,  as  shown  in  Fig.  4-44. 

(5)  Plot  the  value  of  the  integrand  obtained  under 

(4)  above  versus  7',  und  measure  the  area  under 
the  curve  with  u  plnnimeter.  This  area,  which 
represents  the  right-hand  side  of  F.q  4-111  is 
then  compared  with  the  integral  on  the  left-hand 
side,  which  is  equal  to  I  mux,  the  volume  of  the 
trapped  or  included  air  in  the  cunopy  drag-pro¬ 
ducing  surface  obtained  under  (1).  If  the  values 
are  equal  or  approximately  equal,  the  assumed 
filling-time  represents  a  satisfactory  approxima¬ 
tion  of  the  actuul  filling-time  of  the  canopy- 
under  consideration. 

(6)  If  the  process  under  (5)  does  not  show  satisfne- 
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Fig.  4-44  Sample  Calculation  Sheet  for  Determining  Intunumeout  Canopy  Volume 


lory  agreement,  several  velses  of  1/  sboald  be 
asauarad  sad  operations  (4)  sad  (a)  repeated. 

(7)  Compare  agaia  aad  if  ao  satisfaction  ia  reached, 
plot  a  carve  showing  the  aMaaared  areas  ob¬ 
tained  ia  the  preceding  operations  verses  the 
aaaamed  valaes  of  filling  time.  Front  thin  carve, 
the  particalar  valae  of  li  far  which  the  valne  of 
the  carve  equals  the  volnme  of  the  iacladed  air 
may  be  foaad.Tbia  valae  ia  the  reqaired  filliag- 
time. 

(/)  Sample  Calculation.  He  preceding  aameri- 
cal  calcalatioa  method  ia  illaatrated  by  the  detarmiaa- 
tioo  of  the  filling  time  of  a  standard  flat  circular  type 
parachate  caaopy  with  a  aomiaal  diameter,  no.  of  28  ft 
(Type  C-9).  The  following  coaditioaa  apply: 

(1)  Drag  coefficient  of  the  canopy:  Cp  -  0.7S 

(2)  Drag  area  of  the  caaopy:  (CpS)Bil  •  586  ft^ 

(3)  Caaopy  material:  1.1  oi.  Nyloa  cloth.  Mil  A.'.- 
7020.  Type  I 

(4)  Weight  of  aaapeaded  load:  9  -  200  poaada 

(5)  Velocity  at  beginning  of  caaopy  inflation: 

»,  ■  265  fpa 

(6)  Altitude  at  parachate  inflation: 

A  -  20.000  ft 

(7)  Density  ratio  at  20, 000- ft  altitude: 
o-  0.533 

Sup  l:  Determination  of  volume  of  air  iacladed  in 
fully  inflated  canopy. 

2  D„3  2(28)'*  2(21952)  , 

F  - - 2-  -  - - a  -  — - -  -  1484  ft3 

3(r2  3(3.14)*  3(9.86) 


meaaared  with  a  plaaimeter.  Thin  area  ia  foaad  to 
represent  1320  ft“*  and  ia  sijpiificaatly  lower  than  the 
valae  of  the  iacladed-air  volnme. 

Step  6:  Since  the  valae  of  the  iategraad  foaad  for 
nz  aaaamed  filling-tiara  of  0.33  sec  doea  not  compare 
favorably  with  the  valae  for  the  iacladed-air  volume, 
additional  filling  tiara  valaea  of  0.36  aad  0.39  sec 
are  choaea  aad  iategraada  for  these  filling  timea  de¬ 
termined.  All  calculations  are  performed  oa  the  same 
calculation  aheet.  Fig.  4-44.  The  calculated  values 
for  the  iategraad  are  plotted  in  Fig.  4-45  aad  the  area 
aader  each  individual  curve  derived.  For  a  filling  time 
of  0.36  sec,  an  area  value  representing  1407  ft3  ia 
found,  aad  for  tr  *  0.39  aec,  a  value  representing 
1498  ft  .  It  caa  he  aeea  that  the  valae  for  a  filling 
tiara  of  0.39  aec  compares  favorably  with  the  valae 
for  the  iacladed-air  volume  (1484  ft3). 

Step  7:  |a  order  to  obtain  an  accurate  filling-time 
value,  the  derived  area-values  are  plotted  against 
filling  tiara  ia  Fig.  4-46,  aad  the  poiata  connected. 
He  corresponding  filling-time.  If,  for  an  iacladed-air 
volaara  is  determined  from  this  relationship  to  be 
0.386  aec. 

5. 1.1.2  Opening-Shock.  He  force  experienced 
by  a  parachate  caaopy  dnriag  the  opening  process 
caa  he  foaad  bom  Newton’s  Law 


(4-115) 


r  .  9  dv 

HTt 


He  value  of  dv/dt  caa  be  foaad  from  Eq  4-107 


(4-116) 


v  (22.5  +  BTv  ) 


it 


2  (A  +  11.2571 


Step  2:  Determination  of  effective  cloth  poroaity. 
Standard  atmosphere  tables  show  the  density  ratio  for 
20, 000- ft  altitude  to  be  o  «  0.533.  He  pressure  ratio 
at  which  caaopy  inflation  begins  ia  Ap/Apcrit "  0.0527. 
He  effective  porosity  valae  for  the  specific  canopy 
cloth  aaed  ia  foaad  to  be  C  0.046,  tram  Fig.  4-18. 

Step  3:  Determination  of  velocity  of  load-paracbate 
configuration  at  beginning  of  caaopy  inflation. 

Velocity  given:  vg  «-  265  fpa 

Step  4:  Assume  filling  time  aad  calculate  valae  of 
integrand. 

Filling  time  assumed:  tf  «  0.33  sec 

Calculation  of  iategraad  is  performed  with  the  aid  of 
calculation  aheet.  Fig.  4-44. 

Step  5;  He  calculated  valaea  for  the  iategraad 
are  plotted  versus  T  ia  Fig.  4-45.  A  curve  ia  drawa 
through  theae  points  and  the  area  under  the  curve 


As  defined  in  Eq  4-108  and  4-109,  above, 

(4.117)  d--^md.nM(C^V 


20  go  Da 


with 

(4-118) 


dv  dv 


He  force  exerted  upon  the  aaapeaded  weight  daring 
the  period  of  caaopy  filling  amounts  to: 


(4-119) 


whore  v  ia  the  instantaneous  velocity  given  by  Eq 
4-110. 
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T 

Fig.  4-45  Instantaneous  Volume  of  the  Canopy  as  a 
Function  of  the  Dimensionless  Filling  Time 


It  in  not  posaible  to  find  the  maximum  force  (the 
parachute  opening-shock)  directly  from  F.q  4-119, 
Therefore,  uaiag  the  value  of  tj  found  by  the  analytical 
method  deacribed  in  ( f)  above,  the  value  of  F  ia  cal¬ 
culated  for  T  ranging  from  0  to  1  in  intervala  of  0.1. 
Thia  calculation  can  be  made  on  a  calculation  aheet 
auch  aa  the  one  ahotvn  in  Fig.  4-47.  The  hiatory  of- 
force  veraua  time  of  the  canopy  can  then  be  plotted, 
and  the  maximum  force,  or  opening-ahock,  can  be  de¬ 
termined. 

(a)  Sample  Calculation.  The  opening-ahock 
for  the  canopy  for  which  the  filling  time  waa  deter¬ 
mined  in  (/),  above,  can  now  be  calculated. 

Step  1:  Calculate  the  inatantaneoua  parachute 
force  for  varioua  valuea  of  T,  using  the  canopy  filling 
time  of  0.386  sec  calculated  previously.  The  procesa 
and  reaulta  of  thia  calculation  are  shown  in  Fig.  4-47. 

Step  2:  Plot  the  calculated  values  for  the  instan¬ 
taneous  parachute  force,  F,  versus  opening  time  T. 
Draw  a  smooth  curve  through  the  plotted  points  and 
determine  the  maximum  force  value.  For  this  sample 
calculation,  the  maximum  force  or  opening-shock  ex¬ 
perienced  by  the  canopy  is  4720  lb,  as  shown  by 
Fig.  4-48. 

5. 1.1.3  Comparison  of  Theoretical  and  Experimen¬ 
tal  Results.  The  determination  of  opening  time  and 
opening-shock  of  conventional  canopies  under  finite- 


mans  conditions  has  been  the  subject  of  several  ex¬ 
perimental  efforts,  lief  (4-23)  describes  such  a  study 
in  which  cunopies  of  different  types  were  investigated 
with  reaped  to  launching  velocity  and  altitude.  In 
view  of  the  experimental  information  presented  in 
lief  (4-23),  u  number  of  similar  cases  have  been  cal¬ 
culated  using  l.'ie  methods  described  in  the  preceding 
paragraphs.  A  review  of  these  results  indicutes  that 
favorable  comparison  exists  for  parachute  cunopies 
launched  at  low  and  moderate  velocities  at  various 
altitudes.  For  velocities  in  excess  of  about  250  knots, 
the  calculated  forces  are  somewhat  higher  than  the 
measured  values,  and  it  appears  that  further  research, 
both  in  obtaining  valid  experimental  data  and  in  re¬ 
fining  the  analytical  calculation,  is  necessary. 

In  general,  the  theoretical  approach  yields  values 
for  the  filling  time  and  opening-shock  which  are  of 
the  right  order  of  magnitude.  The  principal  trends  of 
the  opening  phenomena,  auch  aa  a  decrease  in  inflat¬ 
ing  parachute  canopy  filling  time  and  consequent  in¬ 
crease  in  opening  force  with  decreasing  canopy  cloth 
permeability,  increaaing  altitude,  and  increasing 
velocity  at  the  instant  the  canopy  starts  to  inflate, 
are  well  explained  by  the  theory  and  are  in  agreement 
with  experimental  results.  One  situation  makes  a  com¬ 
parison  very  difficult:  the  experimental  results  avail¬ 
able  are  all  related  to  the  launching  velocity,  although 
the  calculation  of  the  filling  times  and  opening  forces 
begins  with  the  instantaneous  velocity  of  the  load- 
parachute  configuration  at  the  instant  the  canopy  be- 


FILLING  TIME  ft,)  SEC 

Fig.  4-46  V  vs  t|,  and  the  Determination  of  Proper 
Filling  Time  (see  Fig.  4~42) 
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Fig.  4-48  Values  of  the  Parachute  Force  and  Deter¬ 
mination  of  the  Opening-Shock 


gins  to  inflate.  la  view  of  the  uncertainty  which  nec¬ 
essarily  exiatsia  the  calculation  of  thin  iastaataaeoaa 
velocity  from  laaach  velocity,  parti calarly  if  a  aoa- 
a  table  body  in  aaed  aa  the  suspended  load,  oae  aul 
coaaider  the  coatpariaoa  between  experimental  and 
aaalytical  reaalta  aa  aot  coaipletely  eatiafactory. 

la  general,  however,  it  appears  that  the  method 
ia  a  workable  oae.  It  aiaet  alao  be  reaeabered  that 
the  aaalytical  approach  yielda  average  rather  than 
peak  opening-shock  valaea,  aad  that  two  baaic  ansump- 
tioaa  were  aiade  ia  developing  the  analytical  approach, 
the  validity  of  which  way  aot  be  bone  oat  by  reaalta 
of  coatinaiag  research:  (1)  that  the  drag  area  of  the 
inflating  caaopy  increase*  linearly  with  turns,  and 
(2)  that  the  inflow  velocity  of  the  air  at  the  caaopy 
month  opeaiag  decreaaea  liaeaiiy  with  tiaw.  it  ia 
anticipated  that  farther  research  efforts  ia  theae  arena 
will  refiae  the  analytical  approach,  leadiag  to  a  more 
exact  agreement  of  reaalta.  Until  theae  reaalta  are 
available,  the  present  method  is  saggeated  as  a  work¬ 
ing  concept;  its  reaalta  ahoald  be  checked  with  ex¬ 
perimental  evidence  whenever  possible. 

5.1.2  CANOPIES  WITH  INHERENT  GEOMETRIC 
POROSITY.  A  strictly  aaalytical  approach  to  the 
calcalatioa  of  filling  timea  aad  maximam  opeaiag 
forcea  experienced  ia  the  operation  of  caaopiea  with 
inherent  geometric  poroaity,  such  aa  ribbon  aad  ring- 
slot  caaopiea,  has  aot  aa  yet  beea  developed.  There¬ 
fore,  empirical  valaea  have  beea  compiled  aad  analysed 
to  determine  the  filliag  time,  which  caa  be  considered 
acceptable  for  parpoaea  of  caaopy  design  end  perfor¬ 
mance  prediction. 

5.1.2. 1  Filling  Tima.  Mease  red  filing-time 
valaea  for  caaopiea  with  inherent  geometric  porosity 


operating  at  altitudes  between  sea  level  nad  80,000 
ft  have  been  compiled  (Itef  (4-39)),  resulting  in  the 
curves  shown  in  Kig.  4-49.  ’ihin  graph  represents  the 
ratio  of  the  filling  lime  to  diameter  ratio  ( ti/D0 )  as  a 
function  of  the  instantaneous  velocity,  vg,  at  the  be¬ 
ginning  of  canopy  inflation.  Three  curves  have  been 
plotted:  a  so-called  “design"  curve,  a  “performance" 
curve,  and  a  "mean"  curve,  which  represents  the  ex¬ 
pression  tj/Da  «  0.65  A  /tij.  la  this  expression,  ^ 
in  the  geometric  poroaity  lor  the  canopy.  The  “design" 
aad  “performance"  carves  shown  establish  aa  opera¬ 
tional  baad  which  illustrates  possible  variations  from 
the  “mean"  empirical  carve. 

The  inverse  vmiatioa  with  velocity  expressed  by 
the  carves  ia  coasiateat  with  the  simplest  theoretical 
calcalatioa  of  filliag  time  as  a  faactioa  of  velocity. 
Sack  coaaideratioaa  farther  indicate  that  the  filliag 
time  of  a  canopy  would  be  esseatially  iadepeadeat  of 
air  deaaity  us  long  as  the  orifice  coefficient  of  the 
material  ia  iadepeadeat  of  Reyaolda  a  amber.  Aa  was 
shown  ia  Section  3,  sach  a  dependency  exiata  ia  the 
case  of  solid  cloth  materials;  however,  ia  the  case  of 
ribbon  grids  it  appeara  that  thin  depeadeacy  ia  rela¬ 
tively  small.  It  caa  be  reasoned  that  aa  the  air  deaaity 
decreases,  i.e.,  as  the  altitude  of  caaopy  operation 
increases,  the  filliag  time  eveataally  mast  increase, 
since  aader  sach  conditions  the  inertia  of  the  caaopy 
ia  extending  from  a  folded  condition  to  fall  inflation 
would  become  significant.  The  correlation  of  data, 
neglecting  entirely  aay  density  variatioa,  appears 
satisfactory  when  the  inherent  variability  of  filliag 
ia  considered.  It  mast  be  condaded  that  the  effect 
of  deaaity  ratio  on  filliag  tiaw  for  caaopiea  with 
geometric  porosity  is  saull.  Data  obtained  daring 
testing  at  higher  altitudes  indicate  some  correlation 
with  the  fifth  root  of  the  density  ratio. 

Until  additional  aad  more  accarate  data  are  obtained 
os  caaopy  filliag-time,  the  relationship  ahowa  ia 
Pig.  4-49  represents  a  satisfactory  approach.  To  anti¬ 
cipate  possible  variations  from  the  ‘‘areas"  carve 
dee  to  variations  ia  parachute  pack -configuration, 
packing  techniques,  sad  inflation,  which  are  difficult 
to  control,  design  load*  shoald  be  based  oa  shorter 
inflation  times  and  performance  estimates  shoald  be 
based  oa  the  larger  valaea. 

5. 1.2.2  Opening-Shock.  The  force  experienced 
by  the  caaopy  caa  be  foaad  by  the  snare  method  as 
presented  ia  5.1. 1.2  above,  once  the  filliag  time  of 
the  caaopy  has  beea  determined. 

5.2  Opening- Shock  of  Canopies  Under  Infinite- 
Mess  Conditions.  The  analysis  of  the  dynamics 
of  parachute  canopy  opeaiag  for  operations  aader 
iafiaite-maas  conditions  —  that  is,  aader  conditions 
where  the  canopy  drag-loading  aader  sea- level  ter¬ 
minal-velocity  coaditioas  is  larger  than  30psf— is  not 
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as  complicated  aa  (or  the  finite-maas  condition,  since 
the  velocity  daring  the  period  of  canopy  opening  does 
not  change  significantly. 

5.2.1  FILLING  TIME.  In  order  to  determine  the 
filling  time  of  canopies  operating  nnder  infinite-mass 
conditions,  the  distinction  between  the  two  canopy 
types,  canopies  constructed  of  aolid  cloth  material 
and  canopies  with  inherent  geometric  porosity,  must 
again  be  made. 

5.2.1. 1  Solid  Cloth  Canopies.  To  determine  the 
filling  time  of  solid  cloth  canopies,  the  basic  working 
equation 

(4.120)  l]o_  tjV  J4/3  _  2cru-r)j 


can  be  directly  integrated  with  v  constant  and  equal 
to  the  velocity  at  the  beginning  of  inflation.  Put¬ 
ting  the  above  equation  in  integral  form, 


(4-121) 


fr 

— ■ —  l|r4/3(i-r)  -2CT{i.n 


dT 


/■ 


0 

Vm 

dV 


Performing  the  integration  and  substituting 


(4-122) 


2D 


o 

3  a 


the  final  expression  for  the  filling  time  in  obtained  as 


(4-123) 


2  D„ 


Knowing  the  nominal  canopy  diameter,  Da,  the  effec¬ 
tive  porosity  value,  C,  and  the  velocity  at  beginning 
of  canopy  inflation,  vf,  the  filling  time,  tp  con  be 
calculated  directly. 

5. 2.1.2  CANOPIES  WITH  INHERENT  GEOMETRIC 
POROSITY.  Empirical  values  are  used  to  determine 
the  filling  time  of  canopies  with  geometric  porosity. 
Working  curves  are  presented  in  Fig.  4-50  which 
yield  satisfactory  values  for  the  filling  time  of  para¬ 
chute  canopies  with  inherent  geometric  porosity  under 
infinite  mass  operating  conditions. 

5.2.2  OPENING-SHOCK.  The  maximum  force  ex¬ 
perienced  by  the  canopy  can  be  obtained  from  the 
filling  time  by  the  same  method  presented  in  5.1. 1.2 
above.  However,  if  only  the  opening  shock  is  required 
knowledge,  the  calculation  of  the  maximum  force  of 
canopies  for  the  infinite-mass  case  can  be  very  much 
simplified  if  based  upon  experimental  values. 
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*,  -  SNATCH  VELOCITY  (F PS) 


Fig.  4-50  1  ariation  of  Ratio  of  Filling  Time  to  Diameter  with  Snatrh  Velocity 


If  /•’  in  used  In  denotr  the  maximum  opening  force, 
and  F  the  drag  force  obtained  at  conatunt  velocity 
with  a  fully  inflated  canopy,  expressed  as 

(4-124)  Fr  - 

and  if  .V  is  an  amplification  factor  denoting  the  rela¬ 
tionship  between  maximum  opening  force,  h  a,  and  the 
constant  drag  force,  F  ,  expressed  as 


Y-fuctors  have  been  determined  from  subsonic  tests 
with  practically  infinite  load  und  no  appreciable 
velocity  decrease  during  the  period  of  canopy  opening 
(wind-tunnel  tests,  aircraft  deceleration,  and  drop 
tests  under  conditions  of  very  high  ratios  of  weight  to 
drag  area)  Kor  infinite-mass  conditions,  the  .Y-fuctor 
is  a  constant  for  a  specific  canopy  type  and  has  been 
found  not  to  change  with  altitude  of  operation.  Kor 
higher  transonic  and  supersonic  canopy  deployment 
some  downward  variation  in  .Y-fuctor  may  be  expected, 
due  to  Mach-number  effects  upon  canopy  operation. 


(4-125)  Y  -  Li 


then  the  maximum  opening  shock  or  opening  force  is 

(4-126)  Fa  *  iC„S)o  pqs  X 

where  .1  is  a  dimensionless  factor,  the  value  of  which 
has  been  established  experimentally  for  various  types 
of  canopies. 


Typical  Y-factor  values  foi  specific  canopy  types 
are: 


(a) 

(b) 

(c) 

(d) 

(e) 

<f) 

<*) 

(h) 


Solid  cloth,  flat  circular: 

,Y  -  2.0 

Solid  cloth,  extended-skirt: 

Y  -  1.8 

Solid  cloth,  guide-surface  (ribbed): 

.Y  -  1.1 

Solid  cloth,  guide-surfuce  (ribless): 

Y  ^  1.4 

Solid  cloth,  personnel  guide-surface 

:  V  -  1.2 

Ribbon: 

Y  i  1.1 

Ringslot: 

X  —  1.05 

Shaped  gore  und  conical:  Y  somewhat  lower 

thon  for 

comparable 

i  unopy  designs. 
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SEC.  6  AERODYNAMIC  DRAG 

6.1  Introduction.  When  a  body  nwvrs  .tiling  <i 

straight  line  ill  n  uni  fur  in  vrloritv  through  a  f  I  uni  al 
real,  a  force  is  everted  an  il  in  a  tlirrrliun  opposite 
1 1 >  that  of  till*  motion  of  t fit*  Isidv .  l  itis  fori  r  is  culled 
“resistance’*  or  “drag  '  of  tin-  limit . 

Ilii'  drug,  llit'n,  is  .in  ai'ri.ilyniiiiiii-  forte  which  is 
tlr f ini'il  lit  llii'  equation 

(4-127)  /»  (I  2)  i>r-(:nS 

where  f>  Density  of  llii'  fltiiil; 

r  \  i* Ini- i t y  of  tin'  moving  lio.lt; 

S’  •  Reference  area  of  tlie  Imilv;  and 

(.n  Drug  coefficient  of  the  Initlv  tiasrd  on 
reference  area. 

Fq  -1-127  is  used  in  calculating  the  totul  aerodyna¬ 
mic-drag  force  generated  by  canopies  operating  in  the 
subsonic,  transonic,  and  supersonic  speed  regimes.  At 
some  speeds  and  above  the  inipud  pressure  .it  the 
stagnation  point  of  a  hotly  the  value  of  ( 1  2)  p  c“  is 
greater,  due  to  compressibility  of  the  fluid.  However, 
flitid-dvnamir  coefficients  (in  this  use,  drag  coefficient 
('/))  are  still  based  on  free-streiun  dynamic  pressure 
which  here  represents  the  momentum  of  the  fluid  flow 
(Ref  (4-29)). 

I' or  canopies,  except  for  the  ribbed  and  ribless 
guide-surface  canopies,  the  reference  urea  is  the 
nominal  canopy  area,  S  ,  which  is  the  equivalent  of 
the  total  area  of  the  surface  that  produces  drug  includ¬ 
ing  the  vent  areu  (.v((  s  0.01  So)  and  the  area  not  cov¬ 
ered  bv  ribbons  or  cloth  in  canopies  with  geometric 
porosity.  The  canopy  diameter  corresponding  to  this 
reference  area  is  the  nominal  diameter.  It  .  ear  ribbed 
and  ribless  guide-surface  canopies,  the  reference  area 
is  the  projected  canopy  urea,  S  .  The  canopy  diameter 
associated  with  the  projected  canopy  area  is  the  pro¬ 
jected  diameter,  For  these  canopies,  the  projected 
diameter  is  equivalent  to  the  constructed  canopy  diu- 
meter,  l>r .  The  canopy  drag  coefficient,  is  related 
to  the  reference  area,  S(),  whereas  with  the  reference 
areu,  S’^,  the  drag  coefficient,  f.’/jp,  is  used. 

6.2  Aerodynamic  Drag  of  Canopies.  Kor  any 

solid  body  moving  steadily  through  u  fluid,  drag  is 
generated  by  changing  the  momentum  of  the  fluid 
through  which  the  body  passes.  In  parachute  canopies, 
however,  the  generation  of  aerodynamic  drug  differs 
from  that  generated  by  these  solid  bodies  in  two  res¬ 
pects.  First,  the  drug-producing  surface  is  porous  and 
permeable  to  the  air  streaming  against  it,  since  the 
drug-producing  surface  is  usually  made  of  cloth  or 


fnbri.  with  considerable  air  prnnrubilily  or  is  con¬ 
structed  out  of  spaced  ribbon-grids.  Second,  the  airflow 
pattern  around  conventionally  shaped  canopies  is 
usually  not  stuble,  and  cunopy  descent  is  accordingly 
oscillating,  gliding,  spiral,  or  uny  combi  nut  ion  of 
these.  For  these  reasons,  valid  theoretical  approaches 
for  the  calculation  of  the  ilrug  of  textile  canopies  have 
as  vet  not  been  established,  although  a  number  of  ap¬ 
proaches  have  been  advanced  tllrf  (t-41)  through 
(4- 13)).  Therefore,  drug  coefficients  for  various  cunopy 
types  have  been  experimentally  derived,  either  during 
captive  tests  (wind  tunnel  or  rac  ket  sled)  or  free-fliglit 
tests  (free  drop  or  missile). 

6.2. 1  TANfiF.NTIAI .-FOHCF.  COFFFICIFVI'S  OF 
CANOPfF.S.  The  tangent  force.  7.  is  the  force  act¬ 
ing  along  the  centerline  or  axis  of  symmetry  of  a  canopy. 
It  also  represents  the  uerodynumic  drug  generated  by  u 
canopy  ut  an  angle  of  uttuck  a  -  0.  The  tangential- 
force  coefficients,  (.  j\  presented  in  big.  I-  >i  through 
■t-5't  ure  calculated  from  test  data  obtained  on  model 
canopies  in  a  wind  tunnel  (lief  (  t- 27 ) )  employing  the 
conventional  aerodynamic  relationship,  where 


(4-128) 


'  o.p 


_  1 
1  o.p 


where  T  =■  Tangential  force; 

q  -  Dynamic  pressure;  and 
s0  p  •>  Reference  area  of  the  canopy. 

I  he  drag  coefficient,  .  is  represented  by  the 

tangential-force  coefficient,  V.' 7-  .  at  an  angle  of 

attack  a  -  0.  The  tangential-force  coefficient  of  a  par¬ 
ticular  canopy  is  generally  somewhat  larger  when  de¬ 
termined  in  a  wind  tunnel  than  that  determined  by 
full-size  drop  test.  This  discrepancy  between  wind- 
tunnel  and  full-size  drop-test  results  may  arise  par¬ 
tially  from  the  fact  that  during  wind-tunnel  tests  all 
conditions  are  known,  and  the  canopy  models  may  also 
be  partially  or  fully  restrained,  whereas  in  free  drop- 
test,  uncontrolled  conditions  may  exist.  For  practical 
applications,  average  drug-coefficient  values  listed  in 
Chapter  3  should  be  utilized  for  design  calculations. 

6.2.2  FFFKCTS  OF  CLOTH  PF.RMF.ABILITY.  Test 
results  obtained  on  model  canopies  (Ref  (4-27))  indi¬ 
cate  a  variation  of  the  stable  angle  of  attack,  and 
therefore  the  tangential  force  coefficient,  with  the 
permeability  or  effective  porosity  of  the  drag-produc¬ 
ing  surface.  This  is  true  for  all  canopy  types,  al¬ 
though  changes  in  the  effective  porosity  of  ribbon 
and  ring-slot  canopies  have  a  much  smaller  effect 
than  the  changes  for  solid  doth  canopies,  at  least  in 
the  region  of  incompressible  flow. 
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40  .10  0  10  20  30  40 

a  -  ANGLE  OF  ATTACK 

Fig.  4-SI  Tangent  torce  Coefficient  vt  Angle  of  Attack  for  Circular  Flat  Cloth  Type  Canopy 


«  -  ANGLE  OF  ATTACK 

Fig.  4-52  Tangent  Force  Coefficient  vt  Angle  of  Attack  for  10 %  Flat  Extended  Skirt  Cloth  Type  Canopy 
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a  -  ANCLE  Or  ATTACK 

fifl-  4-53  Tangent  horce  Coefficient  vs  ingle  of  Attach  for  14.3%  Full  Extended  Skirt  Cloth  Type  Canopy 


a  -  ANCLE  OF  ATTACK 

Fig.  4-54  Tangent  Force  Coefficient  vs  Angle  of  Attack  for  Conical  Cloth  Type  Canopy 
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a  -  ANCLE  OF  ATTACK 

Fig.  4-55  Tangent  Farce  Coefficient  vs  Ingle  of  itlack  for  Personnel  Ciu, I  (Surface  Cloth  Type  Canopy 


Fig.  4-56  Tangent  Force  Coefficient  vs  ingle  of  Attack  for  Hihhed  Cuide-Surfare  Cloth  Type  Canopy 
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Pig.  Tangent  f  orce  Coefficient  vs  ingle  of  ittach,  Rihhon  Parachute  of  20rc  dcnmetric  Porosity 


big-  4-60a.  I)  and  r  present  the  tangent-force  coef¬ 
ficients.  C for  three  types  of  solid  cloth  ennopies: 
the  flat  circular,  the  personnel  guide-surface,  and  the 
10  per  cent  extended-skirt  types,  Models  fabricated  of 
cloth  with  cloth  permeability  values  ranging  between 
0  and  275  cu  ft  per  sq  ft  min  were  tested.  An  increase 
in  cloth  permeability  or  effective  porosity  is  asso¬ 


ciated  with  a  general  decrease  of  the  tangential-force 
coefficient  at  the  stable  angle  of  attack,  as  is  evident 
from  Fig.  4-61.  If  the  effective  porosity  of  the  cloth  of 
the  drag-producing  surface  for  all  three  types  of  cano¬ 
pies  is  high  enough  to  cause  static  stability  at  zero 
angle  of  attack,  the  tungent-force  coefficient  of  the 
three  quite  different  types  of  canopies  assumes  ap- 


160 


Fig.  4-riOa  Tangent  Force  Coefficient  vs  ingle  of  Attack  of  Carious  Canopies  —  Circular  Flat 


proximate  ly  the  name  value. 

Fig.  4-61!  shown  the  change  in  drag  coefficient, 
C')o,p  '  CTa  ,  q  with  effective  porosity  of  the  drug- 

producing  surface.  In  the  case  of  the  flat  circular, 
personnel  guide-surface,  and  10  per  cent  extended- 
skirt  canopies,  a  general  trend  of  decreasing  drag- 
coefficient  with  increasing  effective-porosity  is  evi¬ 
dent.  In  contrast,  the  drag-coefficient  values  for  the 
ribless  guide-surface  canopy,  also  plotted  in  Fig.  4-62, 
show  a  pronounced  increase  with  increasing  effective- 


porosity.  It  can  be  assumed  that  the  increasing  trend 
in  drag  coefficient  for  this  type  of  canopy  is  caused 
by  the  considerable  change  in  inflated  canopy  shape 
that  is  caused  by  permeabilities  of  the  cloth  used  in 
construction. 

6.3  The  Descending  Canopy.  As  pointed  out 
above,  the  flow  pattern  around  conventionally  shaped 
parachute  canopies  is  usually  unstable  and  the  des¬ 
cent  of  the  canopy  is  accordingly  oscillating,  gliding, 
spiral,  or  any  combination  of  these.  These  descent 


Fig.  4-60b  Tangent  Force  Coefficient  vs  Angle  of  Attack  of  Various  Canopies  —10%  Extended  Skirt 
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Hfi-  4-60c  Tangent  horce  (.oefficient  vs  Ingle  of  Attack  of  Various  Canopies  —  Personnel  Guide-Surface 


motions  are  usually  reflected  in  thr  value  of  the  canopy 
drag-coefficient  (Ref  (4-44)). 

In  free  descent,  the  longitudinal  axis  of  a  canopy 
assumes  an  angle  to  the  tangent  of  the  trajectory. 
This  angle  is  the  angle  of  attack  at  which  the  sus¬ 
pended  load  and  the  aerodynamic  forces  on  the  canopy 
are  in  equilibrium.  In  steady  descent,  the  resultant  of 
the  lift  and  drag  farces  is  in  the  same  line  with  the 
farce  vector  of  the  suspended  load  (Ref  (4-%)).  Con¬ 
sidering  this  equilibrium  condition  (Fig.  4-6.1),  thr 


total  velocity  of  the  system  depends  upon  the  coeffi¬ 
cients  of  lift  'ind  drag  which  are  functions  of  the  angle 
of  attack  related  to  the  stable  position  of  the  canopy. 
Similarly,  the  effective  drag  coefficient,  C[)  (efrt,  is 
a  function  of  the  angle  of  attack.  ° 

fide  variations  in  effective  drag  have  been  mea¬ 
sured  on  textile  canopies,  in  particular  on  solid  cloth 
canopies  of  flat  circular,  extended  skirt,  and  other 
conventional  designs.  These  canopies  are  statically 
unstable  about  zero-degree  angle  of  attack.  Fig.  4-64 


EFFECTIVE  POROSITY  C 

Pig.  4-61  Tangent  Force  Coefficient  at  Stable  Angle 
of  Attack  as  a  Function  of  Fffcrtive  Por¬ 
osity  for  Several  Canopy  Types 


Hg-  4-62  Ihag  Coefficient  at  Aero  ingle  of  Attack 
as  a  Function  of  Effective  Porosity  for 
Several  Canopy  Types 
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EFFECTIVE  DRAG  AS  A  FUNCTION 
OF  THE  TANGENT  FORCE  AND  THE 
ANGLE  OF  THE  STABLE  POSITION 


shows  the  effective  drag  coefficient,  Q)„  (eff>*  verHUS 
rate  of  descent  for  a  flat  circular  solid  cloth  (C.-9) 
canopy,  with  ratio  of  total  weight  to  cloth  areB  (f  f  Sf, 
ia  constant)  as  parameter. 

The  variation  in  effective  drag-coefficient  could  be 
explained  if  this  canopy  had  several  stable  positions 
orif  the  drag  andlift  coefficients  of  this  canopy  varied 
for  the  same  angle  of  attack.  However,  the  results  of 
wind-tunnel  tests  show  that  conventional  canopies 
have  only  one  statically  stable  position  (Sec.  11). 


The  angle  of  attack  at  which  a  particular  canopy 
is  statically  stable  varies  between  0  deg  and  45 
deg  and  depends  upon  type  and  the  air  permeability 
or  effective  porosity  of  the  drag-producing  surface. 
Therefore,  the  wide  variation  in  the  effective  drag  of 
canopies  cannot  be  explained  through  static  stability 
alone;  the  unsteady  motions  of  a  canopy  in  free  des¬ 
cent  must  be  considered  also. 

6.3.1  Till'.  GLIDING  PARACHUTE  CANOPY.  For 
a  steady  glide  of  a  canopy,  the  effective  drag  is  mere- 
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U  a  (unction  of  the  tangent  force ,  mid  the  angle  of 
the  stable  position,  “ Mtahlc  ^  4-61).  The  free- 

moxing  canopy  assumes  this  angle  of  attack  either  in 
a  steady  glide,  in  a  motion  along  a  helix  called  a 
“coning”  or  apirul  motion,  or  in  a  motion  resulting 
from  combining  these  two.  Of  these  three  types  of 
motion,  only  the  steady  glide  is  a  motion  with  u  steady 
aerodynumic-flow  pattern.  Associated  with  the  other 
two  motions  are  fields  of  high  and  low  pressure  which 
revolve  on  the  drag-producing  uurfuce  with  the  rhvthin 
of  the  rotational  motion. 

The  gliding  cunopy  can  be  compared  with  a  canopy 
model  in  a  captive-test  experiment  (wind  tunnel)  with 
an  adjusted  angle  of  attack.  An  evaluation  of  the 
curves  of  the  moment  coefficient  versus  angle  of 
attack  presented  in  Sec.  II  and  of  the  curves  of  the 
tangent-force  coefficient  versus  angle  of  attack  in 
this  section  shows  that  the  flat  circular  canopy  with  a 
nominal  cloth  permeability  of  120  cu  ft  per  sq  ft  per 
min  is  stable  ut  an  angle  of  attack  a  «  20  deg,  with  n 

tangent-force  coefficient,  (■ t  ,  nr.  .  .  =-  0.87. 

*  <1  t  a  -  io  deg) 

and  normal  and  moment  coefficients,  C\  -  C.y  e  0. 
According  to  these  experimentally  determined  values, 
this  particular  type  of  canopy  would  glide  under  «n 
angle  of  attack  a  -  20  deg,  and  the  canopy  would  des¬ 
cent  with  an  effective-drag  coefficient,  Cf)  / 

-  Cr  /  cos^  a  =  0.985. 

'  o 

Kffecti  vc-drag  coefficients  as  high  ns  1.15  have 


been  recorded  during  jumps  with  modified  canopies  to 
obtain  an  extended  glide.  Considering  that  these 
canopies  incorporated  slots  or  open  gores  to  increase 
tin-  glide  range,  these  experimental  values  show  good 
agreement.  I  rom  this  comparison,  it  i  an  he  concluded 
that  the  high  values  of  effective-drag  inefficient  in 
I'  ig.  4-64  are  related  to  gliding  canopies. 

6. .1.2  Till:  OSCII.I.A  H\(;  f’  MIACIII  Tf:  CANOPY. 

In  general,  an  oscillating  or  coiling  canopy  udjusts 
itself  to  the  Name  angle  of  attack  as  the  gliding  cunopy; 
however,  the  /ones  of  separation  ami  attachment  of 
the  airflow  on  the  drug-producing  surfuce  are  not 
necessarily  the  same,  because  of  the  transverse  motion 
of  the  canopy  with  respect  to  the  airflow.  Therefore, 
a  variation  of  the  aerodynamic  coefficients,  depend¬ 
ing  on  the  gliding  or  oscillating  motion  of  the  canopy, 
is  the  logical  consequence,  experimental  test  results 
substantiate  this  conclusion  and  prove  that  oscillating 
or  coning  canopies  have  a  lower  effective  drag  coeffi- 
lieut,  or  effective  drug,  than  the  same  cunopy  under 
gliding  conditions. 

In  theory,  the  conditions  under  which  a  particular 
canopy  will  glide  or  oscillate  are  governed  primarily 
hv  its  dynamic  stability  characteristics.  In  actual 
practice,  however,  it  is  well  known  that  the  same 
canopy  may  glide  under  conditions  of  low  canopy- 
loading  (IT  t )f)  /,)  mid  will  usually  descend  with 
an  oscillating  or  coning  motion  under  conditions  of 
high  canopy-lauding.  The  area  of  transition  from  a 
gliding  to  an  oscillating  descent,  or  vice  versa,  varies 
for  different  canopy  types,  and  depends  upon  the 
static  stability  characteristics  of  the  particular  canopy. 

I' or  example,  the  stutirallv  unstable  flat  circular 
cloth  canopy  changes  its  stability  behavior  markedly 
within  a  relatively  small  range  of  canopy-loading  val¬ 
ues.  On  the  other  hand,  tiie  statically  stable  guide- 
surface  and  ribbon  canopies  descend  practically  ver¬ 
tically,  independent  of  canopy  loading.  !  his  phenomenon 
is  understandable  since  one  of  the  requirements  for 
dynamic  parachute  stability  is  stability  under  static 
conditions.  i' 

Bemuse  of  this  difference  in  stability  behavior,! 
statically  unstable  canopies  change  their  effective/ 
drag  over  a  considerable  range,  whereas  statically* 
stable  canopies  have  an  effective  drag  that  is  practi-  ' 
cally  constant.  To  a  certain  extent,  the  type  of  motion  1 
during  descent  also  depends  upon  the  size  of  the 
canopy.  This  change  in  motion  is  related  to  a  stronger 
damping  because  of  the  larger  mass  of  air  included  by 
the  drag-producing  surface  of  larger  canopies. 

6.3.3  T»IK  RATH  OK  DKSCKNT.  The  majority 
of  conventional  canopy  types  in  use  today  are  stati¬ 
cally  unstable.  Therefore,  it  has  become  customary  to 
state  the  coefficient  of  effective  drag  (based  on  the 
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Fig.  4-65  Density  and  Gravity  Ratios  as  a  Function  of  Altitude  (Ref:  AFCRC-TR-59-267) 


appropriate  reference  area)  aa  a  function  of  the  rale  of 
descent  (also  called  equilibrium  velocity  at  aea  level) 
veg.  The  rate  of  descent,  or  equilibrium  velocity,  is 
merely  another  way  of  expressing  canopy  loading. 

For  sea-level  conditions: 


/  For  any  given  altitude  the  equilibrium  velocity  of 
the  parachute-load  system  of  total  weight,  Vf,  is  a 
function  of  air  density  and  gravity  and,  at  high  speeds, 
also  a  function  of  Mach  number.  Thus 

(4-130)  v.  «  v- 

e  eg 

"bare  -  g/*0  and  Omptp0 


Graphs  showing  the  relationship  betweenV  ^  and 
<7  and  altitude  are  presented  in  Fig.  4-65. 

Canopy  diameter  versus  total  load,  i.e.,  suspended 
weight  plus  weight  of  the  parachute  system,  for  var¬ 
ious  rstes  of  descent  and  drag  coefficient  can  be  ob¬ 
tained  from  Fig.  2-13.  This  graph  is  presented  for  sea- 
level  conditions.  For  other  altitudes,  values  obtained 
should  be  modified  by  multiplying  by  1  jLjo.  Values  for 
this  ratio  can  be  obtained  from  Fig.  4-65. 

6.4  Effects  of  Mach  Numbor.  In  general,  the 
average  or  nominal  drag-coefficient  of  canopies  shows 
a  decreasing  trend  with  an  increase  in  velocity.  This 
decrease  is  more  pronounced  at  the  lower  values  of 
rate  of  descent,  between  5  and  20  fps,  as  illustrated 
by  the  data  in  Chapter  3.  The  reason  for  this  change 
may  be  seen  in  the  inflated  shapes  of  the  canopy  as 
affected  by  canopy  loading.  Above  a  rate  of  descent 
of  approximately  20  fps,  and  below  the  transonic- 
velocity  regime,  the  drag  coefficient  of  canopies  re¬ 
mains  approximately  constant. 

At  transonic  and  supersonic  velocities,  one  of  the 
prime  prerequisites  for  selection  of  suitable  type  of 
canopy  is  that  the  canopy  has  to  be  statically  stable, 
since  in  most  cases  its  function  is  also  to  stabilise 
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VELOCITY  (FT/SEC)  VELOCITY  (FT  SEC) 

Comparative  Performance  Characteristics,  Captive  (Rocket  Sled)  Tests 


big.  4-67  Drag  Coefficient  vs  I  inch  \  timber.  Rigid 
and  Flexible  Type  (ttrutpies 

the  loud  or  vehicle  to  lie  decelerated.  Hierefore,  the 
two  typed  which  have  been  extensively  employed  in  the 
trundonic-velocity  regime  are  both  dtutically  stable 
und  huve  a  relatively  high  drag  efficiency:  the  ribbon 
and  the  guide-surface  canopies.  Comparative  perfor¬ 
mance  characteristics  for  these  two  types  under  al¬ 
most  identical  transonic-speed  deployment  and  infinite- 
muss  conditions  (sled  test)  are  shown  in  big.  1-66. 
I"he  transonic  drag-coefficients  for  these  two  types 
arc  again  plotted  in  big.  1-67.  These  data  compare  the 
change  in  canopy  drug-coefficient  for  flexible  models 
under  frec-flight  (miosile  test)  conditions  (Kef (1-15)) 
with  that  for  rigid  models  in  captive  (wind  tunnel) 
test  (Ref  (4-16)).  Is  is  evident,  the  vulue  of  the  drag 
coefficient  decreases  rapidly  us  the  Mach  number  in¬ 
creases,  after  the  characteristic  rise  ut  sonic  velocity. 
It  is  noted  in  the  drag  curves  for  the  flat  circular  rib¬ 
bon  canopy  that  a  dip  occurs  ut  a  free-atreum  Much 
number  of  approximately  0.9.  This  deviation  from  a 
smooth  drag-rise  is  attributed  to  the  fact  that  the  flow 
through  the  openings  in  the  drag-producing  surface 
becomes  choked.  So  long  us  the  flow-  through  the 
openings  is  subsonic,  the  mass  flow  through  the 
openings  will  be  a  function  of  both  inlrrnal  and 
external  pressures.  When  choking  takes  place,  the 
mass  flow  through  the  slots  can  be  considered  as  a 
function  of  internal  pressure  only.  This  expluins 
the  discontinuity  at  the  choking-pressure  ratio. 

At  higher  velocities,  both  the  flat  circular  and 
conical  ribbon  as  well  as  the  guide-surface  canopies 
exhibit  erratic  inflation  tendencies,  violent  pulsing  or 


"breathing’  of  the  drug-produi  ing  surfai  r,  consider¬ 
ably  reduced  drug,  und  failure  of  doth,  ribbons,  and 
suspension  lines  at  a  fraction  of  their  rated  strength 
due  to  violent  oscillation  of  the  material.  In  the  case 
of  the  rihhon  canopy,  this  condition  may  prevail  over 
a  considerably  range  of  geometrii  porosities,  (lief 
(4-47)  and  (1-18)). 

Ilesults  of  tests  on  flexible-canopy  models  in  the 
wake  of  a  primary  body  indicate  that  there  is  usually 
a  strung  pressure-disturbance  standing  in  front  of  the 
mouth  of  the  canopv,  but  behind  the  confluence  point 
of  the  suspension  lines.  There  appears  to  he  noohliipie 
shock  associated  with  the  suspension  lines  originat¬ 
ing  at  thr  confluence,  us  is  present  on  rigid  models 
when  tested  in  undisturbed  flow.  The  suspension 
lines,  however,  do  uffect  the  strong  shot  k  ahead  of 
the  drag-producing  surfuce  by  distorting  the  shock 
from  norinul  in  nature  to  a  combined  normal  and  oblique 
shock,  or  a  detached,  somewhat  conical,  shock  wuve. 

The  results  of  tests  on  rigid  models  of  the  drug- 
producing  surface  reveal  much  the  sume  tendencies 
as  those  of  flexible-canopy  models,  except  that  there 
is  no  distortion  of  the  strong  pressure  disturbance 
ahead  of  the  canopy  mouth.  This  disturbance  is  clearly 
a  normal  shock,  which  moves  closer  to  the  canopv 
skirt  with  increasing  canopy  porosity.  Adding  suspen¬ 
sion  lines  to  the  rigid  model,  converging  into  a  cone 
at  the  confluence  point,  produces  a  distinct  oblique 
shock  emanating  from  the  apex  of  this  cone.  These 
models  usually  experience  unsteady  flow  similar  to 
the  "inlet  buzz"  phenomena  of  spiked  inlets. 

The  flow  picture  observed  on  rigid  models  in  super¬ 
sonic  undisturbed  flow,  however,  cannot  explain  the 
inflation  and  operating  instabilities  of  flexible  cano- 
pirs.  since  flexible  canopies  must  be  towed  and  the 
flow  field  surrounding  the  canopy  is  strongly  influenced 
by  the  wake  of  the  primary  body.  Naturally,  tests  on 
flexiblr-canopy  models  would  be  ideal  to  establish  a 
flow  picture;  however,  the  distortion  of  the  normal 
shock  makes  these  tests  extremely  difficult. 

Studies  of  the  happenings  inside  a  drag-producing 
surface  under  supersonic  undisturbed-flow  conditions 
have  shed  some  light  upon  "breathing"  or  fluctuation 
phenomena  observed  on  flexible  textile  canopies  in 
supersonic  flow  (Ref  (4-46)). 

In  general,  the  textile  canopy  is  a  device  which 
produces  aerodynamic  drag  by  changing  the  momentum 
of  the  air  through  which  it  passes,  in  subsonic  opera¬ 
tion,  the  drag-producing  surface  captures  a  large 
amount  of  air  which  is  accelerated  to  the  terminal  or 
descent  velocity  of  the  canopy.  This  system,  consist¬ 
ing  of  the  canopy  and  the  "dead  air",  passes  rather 
smoothly  through  the  tree-stream  air  The  pressure  of 
the  captured  air  is  essentially  constant  within  the 
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drug-producing  surface,  anil  no  significant  apillugi-  of 
>iir  or  violrnt  motion  of  air  w i thin  tin-  drug-producing 
aiirfui  c  results.  Tlir hi-  conditions,  however,  rhungi- 
rapidly  an  sonic  frc  r-alrrom  vi- len  ity  ia  exceeded.  A 
runo|iy  operating  **•  supersonic  velocities  iIoi-h  not 
exhibit  llir  characteristic  collecting  of  "dead  air*' 
within  tin-  drug-producing  Hiirfari-  results;  rather,  tin* 
ion  ops  keeps  rejecting  tin-  ruptured  anil  recapturing 
nion-  air  hrruuse  of  tin-  tri-inriiilous  energy  caused  hv 
supersonic  flow.  Tlit- filling  of  thr  ion  op  v  is  associut- 
i-il  with  tin-  development  of  a  pri-HHuri-  areu  inside  the 
drug-producing  surface,  which  ol  I h t-  In-ginning  in  even¬ 
ly  diHtrihulrd.  Thin  prcHHurr  area  forms  a  fairly 
even  high  plateau  which  Iiuh  an  ubrupt  eh  an  ye  across 
or  slightly  for  word  of  the  skirt  of  the  canopy  towurds 
free  at  ream.  Thin  normal-pressure  ridge  in  front  of  the 
akirt  of  the  canopv  re  cede  a  with  time  and  aa  a  conse- 
quence,  o  amall  high-pressure  area  ia  developed  at 
the  apex  of  the  canopy.  At  thia  time,  the  preaauri  in 
the  akirt  areu  ia  conHiderablv  lower  than  at  the  apex 
area,  and  the  akirt  area  contracta,  thereby  reducing 
thr  inlet  diameter  and  elongating  thr  canopy.  Since 
the  preaaare  near  thr  akirt  of  the  canopy  ia  lower  than 
that  of  the  nurrounding  flow,  a  movement  of  pnrtirlrn 
toward  the  drag-producing  aurface  ia  initiated  and  in 
often  accompanied  by  a  pronounced  preaaure  area  mov¬ 
ing  into  the  drag-producing  aurface.  Thia  moving  prea- 
aure  area  may  lie  met  by  the  preaaure  wave  which  hua 
been  reflected  from  the  apex  area  und  now  movra  for¬ 
ward.  In  general,  thrar  inward  and  outward  moving 
preaaure  ureaa  collide,  interfere  with  each  other,  und 
form  an  infinite  variety  of  low-  and  high-prenaure 
formutiona  inside  and  in  the  neighborhood  of  the  drug- 
producing  surface.  Due  to  the  inherent  flexibility  of 
the  canopy,  the  canopy  distorts  because  of  the  move¬ 
ment  of  these  pressure  regions,  und  -is  u  result, 
“breathing”  and  "pumping”  tuke  place. 

Some  theoretical  knowledge  us  to  how  to  achieve 
sluble  flow  conditions  can  be  obtained  by  assuming 
that  the  geometric  porosity  of  the  drug-producing  sur¬ 
face  ialow  enough  to  give  sonic  flow  ( >/  -  I  .Olthmugh 
the  openings  (which  means  that  the  flow  is  choked), 
that  a  detached  cone-like  or  near-normal  shock  stands 
in  front  of  the  drug-producing  surface,  that  thin  shock 
is  not  distorted  by  the  presence  of  the  suspension 
lines,  und  thut  there  is  no  oblique  shock  emanating 
from  the  confluence  point  of  the  suspension  lines. 

It  is  evident,  then,  that  the  value  of  the  ratio  of  the 
areu  of  the  canopy  mouth  to  the  area  of  openings  in 
the  drag-producing  surface  controls  the  velocity  of 
the  air  at  the  mouth  os  long  as  the  flow  through  the 
drag-producing  surfucc  is  choked.  The  detached  cone¬ 
like  or  near-normul  shock  is  the  result  of  the  choked 
flow  und  its  position  is  dependent  upon  the  ratio  of 
the  velocity  of  the  air  immediately  behind  the  shock 


to  that  in  the  mouth  opening.  If  the  velocity  of  the  uir 
immediately  behind  the  shock  ia  greater  than  that  nt 
the  mouth,  the  aliock  will  remain  detached  from  the 
drug-producing  surfucc  und  the  atreumlines  behind  the 
aliock  to  the  mouth  will  be  divergent.  Thin  tends  to 
hold  the  akirt  of  the  drug-producing  aurface  open  by 
creating  lift  outwardly  on  the  skirt  bund  and  lower  rib¬ 
bons.  Should  the  shock  wuve  reach  the  akirt  of  the 
drug-producing  surfucc,  there  will  be  no  lift  on  the 
akirt  bund  or  lower  ribbona  because  of  the  change  in 
local  angle  of  attack.  The  mouth  of  the  drag-producing 
aurface  muy  then  tend  to  clone. 

l-rom  thia  it  can  be  aeen  thut  the  ratio  of  the  area 
of  the  mouth  to  the  urea  of  openings  in  the  drag-pro¬ 
ducing  surface  is  critical.  If  this  ratio  falls  below  a 
certain  value  at  u  given  Mach  number,  the  canopy  will 
lose  its  tendency  to  inflate  or  stay  open. 

Ilequired theoretical  values  forthe  geometric  porosity 
of  u  canopy  to  uchirve  sluble  flow  conditions  over  a 
range  of  Mach  numbers  are  shown  in  b  ig.  4-68.  This 
band  incorporates  required  values  for  a  variety  of 
ribbon  canopies,  and  assumes  u  normal  shock  in  front 
of  a  choked  canopy. 

Since,  however,  the  canopy  is  flexible.it  is  possible 
for  the  area  of  mouth  In  vary.  Kor  flat  circular  ribbon 
und  conical  ribbon  designs,  it  is  obvious  that  most 
of  the  excess  material  that  may  be  subject  to  flutter 
exists  at  and  adjacent  to  the  skirt  of  the  canopy.  This 
amount  of  excess  material  decreases  towards  the  apex 
area.  The  free  length  of  the  skirt  band  or  the  lower 
ribbons  between  adjacent  suspension  lines  can  now 
be  compared  to  a  flat  plate  positioned  with  its  Dot 
side  normal  to  the  airstream.  Because  of  the  instability 
of  these  “flat  plates”,  oscillations  in  the  individual 
ribbons  are  set  up  under  certain  conditions  which  also 


Aig.  4-68  Required  Theoretical  Canopy  Porosity  to 
Achieve  Stable  Airflow  Conditions  (Canopy 
Diameters  D()  v  <>  ft) 
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MACH  NUMBER 

hi&.  4-69  Comparative  Drag  Coefficients  for  l  arious  Ribbon  Type  Canopy  Designs 


cause  a  change  in  the  area  of  the  canopy  mouth  open* 
ing,  aince  the  ribbons  will,  besides  “blossom  out", 
also  “flop  in",  at  random. 

These  considerations  led  to  the  modification  of  the 
flat  circular  ribbon  canopy  for  supersonic-speed  opera¬ 
tion.  Ely  extending  the  skirt  along  the  suspenuion  lines 
and  extending  the  suspension  lines  to  2  0o  (partially 
to  achieve  optimum  drag),  the  shape  of  the  inflated 
canopy  is  altered.  In  this  way,  a  desirable  ratio  of 
inlet  area  to  outlet  area  can  be  achieved  without 
aacrificing  canopy  inflation  tendencies  due  to  high 
geometric  porosity,  and  the  free  length  of  the  horizon¬ 
tal  ribbons  in  the  vicinity  of  the  skirt  is  shortened 
substantially,  which  alleviates  the  problem  of  lower 
ribbon-instability. 

Initially,  the  triangular  gore  of  the  flat  circular  rib¬ 
bon  canopy  wan  taken  as  the  basis  and  a  conical  ex¬ 
tension  (10  per  cent  of  the  nominal  canopy  area)  was 
added.  This  resulted  in  the  so-called  Fquiflo  ribbon 
canopy  (10  per  cent  extended  skirt).  In  order  to  obtain 
a  more  effective  shape,  the  gores  were  later  shaped, 
resulting  in  the  so-called  Hemisflo  ribbon  canopy  (210- 
deg  hemispherical).  Gore  patterns  of  both  of  these 
canopy  types  are  ahown  in  Chapter  3.  Curves  showing 
generalized  drag  coefficient  versus  Mach  number  for 
the  flat  circular,  Equiflo,  Hemisflo,  and  a  30-dcg  coni¬ 
cal  ribbon  canopy  are  ahown  in  Fig.  4-69  ,  Since  most 


of  the  performance  data  obtained  to  date  are  on  the 
llemiaflo  ribbon  canopy,  these  data  are  available  in 
somewhat  more  detail  (Ref  (4-49)). 

All  data  presented  were  acquired  on  canopies  with 
diameters  U)0)  of  2.18  ft  (66. 5  cm)  and  4.12  ft  (122 
cm).  These  canopies  were  deployed  behind  a  primary 
body  of  9-in.  diameter  at  supersonic  velocities,  under 
free-flight  conditions,  and  at  altitudes  between  50,000 
and  80,000  ft.  The  drag  coefficient,  Cp0,  versus  Mach 
number  for  this  type  of  canopy  is  plotted  in  Fig.  4-70. 
Here  a  definite  dependency  of  drag  coefficient  upon 
Mach  number  is  evident.  The  value  of  Cf)Q  drops 
sharply  after  sonic  velocity  is  exceeded.  In  the  region 
above  Mach  1.5,  the  curve  seems  to  level  out.  As  a 
comparison,  drag-coefficient  values  obtained  during 
wind-tunnel  tests  on  somewhat  smaller  models  are 
also  shown.  The  subsonic  drag  coefficient  of  the 
Hemisflo  ribbon  canopy  is  somewhat  lower  than  that 
of  the  flat  circular  ribbon  canopy,  due  to  its  increased 
nominal  area  and  slightly  lower  inflated  diameter. 
From  Fig.  4-71,  which  shows  the  dependency  of  area 
ratio  (ratio  of  instantaneous  projected  canopy  area, 
Spj,  to  nominal  canopy  area,  S„)  upon  Mach  number, 
it  is  obvious  thut  the  reduction  in  the  drag  coefficient 
above  Macb  1  is  caused  partly  by  the  accompanying 
reduction  in  inflated-canopy  area.  As  the  Mach  number 
approaches  zero,  the  value  of  the  area  ratio  approaches 
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Fig-  4-70  Drag  Coefficient  vs  Mach  Number,  Hemisflo 
Ribbon  Type  Canopy  (Free -Flight  Test) 


maximum  of  0.387,  the  theoretical  maximum  area- 
ratio  for  thin  canopy.  Plots  of  drag  coefficient  veraua 
area  ratio  and  veraua  dynamic  preaaure  are  ahown  in 
Fig.  4-72  and  4-73,  reapectively.  When  the  trend  of 
drag  coefficient  veraua  area  ratio  for  the  llemiafto 
ribbon  canopy  ia  compared  with  that  for  a  flat  circular 
ribbon  canopy,  which  in  alao  ahown  in  Fig.  4-72,  the 
name  trend  ia  evident;  but  the  Hemiaflo  ribbon  canopy 
ahown  a  much  ateeper  riae  in  the  nonie  region.  Ap¬ 
proximate  Mach  number  levcla  ore  indicated. 

Although  Hemiaflo  ribbon  canopiea  have  only  been 
tested  so  far  at  dynamic  pressures  lower  than  3800 
paf,  there  is  no  reason  to  believe  that  adequately  de¬ 
signed  canopies  of  the  ribbon  type  will  not  operate  at 
higher  dynamic  pressures.  On  the  other  hand,  guide- 
surface  canopies  manufactured  of  soliJ  cloth  and  of 
diameters  leas  than  6  ft  have  incurred  extensive 
damage  at  dynamic  pressure*  higher  than  1700  paf,  and 
it  iu  doubtful  than  an  extension  of  thin  limit  is  poaaiblr. 

In  general,  it  has  been  demonstrated  that  during 
supersonic  operation  a  better  behavior  of  the  canopy 
is  exhibited  when  positioned  behind  a  relatively  large- 
diameter  forebody.  This  can  be  attributed  to  the  fav¬ 
orable  effects  of  the  body  wake-churncteristics  upon 
shock-wave  and  flow-field  pattern  forming  ahead  of 
the  trailing  canopy  (Ref  (4-39)). 

Although  textile  canopies  of  the  shaped-gore  type 
have  shown  predictable  performance  characteristics 
at  low  supersonic  velocities,  their  drag  efficiency  is 
relatively  low,  and  an  extension  of  their  use  into  the 
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Fig.  4-7!  Area  Ratio  vs  Mach  Number,  Hemisflo  Rib¬ 
bon  Type  Canopy  (Free-Flight  Test ) 

higher  auperaonic-apeed  regime  appears  doubtful,  un¬ 
less  there  are  significant  modifications. 

It  appears  difficult  if  not  impossible  to  change  the 
momentum  of  the  air  by  carrying  its  entire  mass  along 
with  the  drag-producing  surface.  The  conclusion  is 
that  to  overcome  these  problems  a  means  must  be 
found  to  change  the  momentum  of  the  air  in  steps,  or 
to  utilize  only  a  portion  of  the  available  energy. 
These  are  the  trends  in  current  research  efforts  to 
evolve  suitable  self-inflating  shapes  for  higher  super¬ 
sonic-speed  operation. 

6.5  Effects  of  Reynolds  Number.  If  such  a 
strong  variation  in  drag  as  shown  in  Fig.  4-64  and 
4-70  occurs  in  classical  aerodynamics,  conditions 
are  usually  present  where  the  Reynolds  number  is 
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Fig.  4-72  Drag  Coefficient  vs  Area  Ratio,  Hemisfli 
Ribbon  Type  Canopy  (Free-Flight  Test) 
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significant.  Generally,  Reynolds  number  is  used  as  a 
factor  indicating  the  type  of  boundary  layer  existing 
on  amoving  body  in  an  airstream,  whether  it  is  laminar 
or  turbulent.  Reynolds  number  has  its  greatest  signi- 
ficance  for  the  aerodynamic  characteristics  of  bodies 
below  the  critical  Reynolds  number:  that  region  in 
which  the  flow  in  the  boundary  layer  changes  from 
laminar  to  turbulent.  In  the  region  of  turbulent  boun¬ 
dary-layer,  Reynolds  number  has  very  little  effect  on 
the  aerodynamic  characteristics.  Reynolds  number  is 
defined  by  the  relationship 


(4-131)  R  -  Lit 

P 

where  p  -  Density  of  the  air; 

v  -  Velocity  of  the  canopy; 

l  =  "Representative  length"  of  the 
canopy  (see  below);  and 

p  -  Coefficient  of  viscosity  of  air. 

For  calculations  concerning  canopies,  the  "represen¬ 
tative  length"  is  usually  taken  as  either  the  projected 
diameter,  1)^,  or  the  nominal  diameter,  D0,  of  the 
canopy.  The  projected  diameter  is  more  nearly  a  true 
aerodynamic  reference  length  than  is  nominal  diameter, 
but  it  is  also  more  difficult  to  measure  with  accuracy, 
f'.onsequently,  Reynolds  number  is  commonly  calculat¬ 
ed  using  the  nominal  canopy  diameter,  l)0- 

In  the  case  of  textile  canopies,  the  coefficient  of 
effective  drag  of  canopies  of  various  sizes  obtained 
at  approximately  the  same  rate  of  descent  (about  20-25 
fps)  and  identical  stability  behavior  does  not  show  a 
characteristic  change  over  a  wide  range  of  Reynolds 
numbers.  For  example,  the  flat  circular  solid  cloth 
canopy  tested  within  a  Reynolds  number  range  between 
1.5x10'^  and  1.3x10^  exhibits  drag  coefficients  which 
are  relatively  constant  throughout  the  range  tested 
(Fig.  4-74).  A  difference  in  drag-coefficient  values  for 
this  type  of  canopy  between  free-descending  and  res¬ 
trained  models  is  evident.  Here,  the  higher  values  of 
effective  drag  are  associated  with  and  generated  by 
the  unsteady  motions  of  the  canopy  during  descent. 


REYNOLDS  NUMBER 

Fig.  4-74  Effective  Drag  Coefficient  vs  Reynolds  Number,  Flat  Circular  Solid  Cloth  Type  Canopy 
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Fig.  4-7!)  Drag  Coefficient  vs  Del n  olds  Sumber,  Hem- 
is  flo  Ribbon  I'vpe  Canops  ( Frec-Flight  lrs>) 


Am  h  cause  for  the  significant  change  in  drug  coef¬ 
ficient  for  thr  llrmiMflo  ribbon  canopy  operating  in  tin- 
transonic  and  low-supersonic  upped  regimes  (b  ig,  4-70), 
lleynolds-number  significance  may  again  bomiMprrtrd. 
However,  it  beroinrM  obvioun  from  an  evaluation  of 
big.  4.7 o  and  4-76  which  arr  derived  from  tent  data 
obtained  on  liemisflo  ribbon  I'uliopieN,  that  velocity 
effects  must  be  the  cause,  since  for  subsonic  opera¬ 
tion  with  the  same  Itrynolds-number  range  the  ratio 
of  drug  coefficient  to  the  area  remuins  nearly  constant. 
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Hf>.  4-7 b  Area  Ratio  vs  Reynolds  \umber,  liemisflo 
Ribbon  Type  Canopy  (Frec-Flight  Test) 


6.6  Effects  of  Clustering.  Fur  the  delivery  or 
final  recovery  of  heavy  louds  or  vehicles,  it  is  ad¬ 
visable  to  arrange  moderately  sized  canopies  in  a 
cluster,  rather  than  increase  thr  diumeter  of  u  single 
i  unopy  to  the  required  dimension. 

For  solid  cloth  canopies,  the  drag  efficiency  of 
canopies  arranged  in  a  cluster  configuration  decreases 
with  the  number  of  parachute  canopies  used.  Hie  rea¬ 
son  for  this  decrease  may  be  seen  in  the  altered  flow 
field  uround  individual  canopies;  this  flow,  on  the 
other  hand,  improves  static  stability  of  the  cluster 
configuration.  A  depiction  of  the  drag  coefficient  ver¬ 
sus  number  of  canopies  in  u  duster  is  shown  in  big. 
4-77. 

For  canopies  with  geometric  porosity,  such  as  rib- 
ism  or  ring-siot  types,  the  decrease  in  canopy  drag- 
efficienev  with  number  of  canopies  in  a  cluster  is  neg¬ 
ligibly  small.  Here  the  flow  field  around  the  individual 
canopies  is  not  significantly  altered  or  influenced  by 
other  canopies  in  the  cluster.  In  general,  it  can  be 
said  that  statically  stable  canopies,  when  clustered, 
do  not  change  their  drag  efficiency  significantly. 
Statically  unstable  canopies,  ho  wever,  show  a  marked 
decrease  in  drag  efficiency  with  number  of  canopies 
in  a  cluster.  The  magnitude  of  decrease  in  drag  effi¬ 
ciency  is  a  function  of  the  static-stability  character¬ 
istic  of  the  individual  canopy. 

In  supersonic  flow,  the  performance  of  a  cluster  of 
canopies  is  similar  to  that  of  a  single  ribbon  canopy. 
Typical  performance  characteristics  of  a  cluster  of 
three  flat  circular  ribbon  canopies  for  supersonic  de¬ 
ployment  and  infinite-mass  conditions  (sled  test)  are 
shown  in  Fig.  4-78  (Hef  (4-50)). 


NUMBER  OF  CANOPIES  IN  CLUSTER 

Fig.  4-77  Average  Decreasing  Drag  Coefficient  Ratio 
for  Flat  Circular  Solid  Cloth  Type  Canopies 
in  Clustered  Configurations 
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Fi§.  4-78  Perfomance  Characteristic,  of  Flat  Circular  Ribbon  Type  Canopies  in  Triple  Cluster  Configurauor 


SEC  7  DRAG-AREA  CONTROL 


Under  certain  conditions  it  may  become  necessary 
to  control  the  drag  area  of  a  parachute  canopy.  Canopy 
reefing  ia  a  method  by  which  the  projected  diameter 
of  a  canopy  ia  reduced  temporarily,  reanitieg  ia  a 
reduction  of  the  drag  area  of  the  canopy. 

7.1  Application  of  Drag-Art*  Control.  Reef. 

ing,  ns  a  method  of  drag-area  control,  may  be  applied 
for  the  following  purposes: 

(1)  To  limit  canopy  opening-force  to  a  predeter¬ 
mined  value,  through  aucceaaive  atepa  of  opening  at 
predetermined  intervals,  called  disreefiag,  or  through 
controlled  continuous  disreefing. 

(2)  To  attain  a  preliminary  high  rate-of-descent  by 
extensive  reefing  to  achieve  accarate  drops  from  high 
altitudes. 

(3)  To  achieve  a  temporary  low-drag  area  while 
still  having  a  large  landing-brake  parachute  for  planes 
and  gliders.  Reefing  also  allows  uuch  parachutes  to  be 
used  aa  dive  and  gliding-angle  brake  parachutes.  After 
levelling  off,  the  canopy  ia  disreefed  aad  becomes  a 
powerful  landing  brake. 

(4)  To  use  parachutes  aa  dive  brakes,  which  can 
be  retracted  and  extended  in  flight  by  means  of  reefing 
methods. 

(5)  To  increase  the  stability  of  a  canopy,  either 
temporarily  (for  a  particular  application)  or  to  adapt 
an  available  parachute  to  an  application  that  requires 
increased  stability. 

7.2  Roofing  Methods  Used  for  Controlling  Drag 
Aroa. 

System  I.  Fig.  4-79  shows  skirt-reefing  System  I, 
the  most  frequently  used  method.  A  line,  called  the 
reefing  line,  is  placed  around  the  akirt  of  the  emiopy. 
The  reefing  line  ia  guided  in  small  metal  rings  (reef¬ 


ing  rings),  which  are  fastened  on  the  akirt  on  the  in¬ 
side  of  the  canopy  at  each  suspension  line.  The  reef¬ 
ing  line  ia  fastened  at  both  enda  and  is  cut  with  a 
disreefing  device  after  a  certain  delay  period.  At 
least  two  disreefiag  devices  ore  recommended,  for 
reliability.  System  I  is  recommended  where  one-step 
disreefiag,  or  a  short  reefiag-period  is  desired. 

System  //.  For  longer  or  variable  periods,  reefing 
System  II,  illastrated  in  Fig.  4-80,  is  advisable.  The 
reefing  line  is  guided  through  reefing  rings  inside  the 
canopy  skirt.  It  consists  of  two  separate  lines  lending 
oat  from  the  skirt  at  point  ( A )  and  connected  with  the 
control  line  at  point  (8).  By  retraction  of  the  control 
line,  the  emiopy  is  reefed,  and  by  extension  of  the 
control  line,  it  is  disreefed.  Application  of  this  sys¬ 
tem  for  caatinnoas  disreefing  is  feasible  and  depends 
primarily  on  the  design  sad  operation  of  the  disreefing 
device.  The  control  line  is  connected  with  the  diareef- 
ing  device  at  the  ouspension-line  connecting  point,  to 


Fig.  4-79  Reefing  Methods  -  System  I 


Fig.  4-81  Reefing  Methods  -  System  III 
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o  10  20  30  40  SO  to  70 

MOVEMENT  OF  CONTROL  LINE  IN  %  OF  FLAT  DIA.  D# 

Fig.  4-82  l  ent  Reefing  Forres  in  the  I'arorhute,  Suspension  Lines  and  Control  Lines 


the  suspended  load,  or  in  the  aircraft.  This  method  is 
particularity  adaptable  to  designs  in  which  disreefing 
must  be  a  function  of  several  variables  and  require  a 
large  and  complicated  actuating  device. 

System  III.  Kig,  4-81  (a),  (b),  and  (c)  shows  the 
schematic  outline  of  this  reefing  system.  Kig.  4-81c 
illustrates  the  canopy  at  various  stages  of  reefing.  The 
canopy  is  reefed  by  pulling  the  vent  down  inside  the 
canopy,  as  opposed  to  a  skirt  restriction  system. 
The  force  required  to  pull  the  vent  down  amounts  to 
approximately  one-half  the  total  force  exerted  on  the 
canopy.  As  shown  in  big.  4-82,  u  significant  increase 
in  drag  is  produced  by  this  reefing  method  up  to  a 
control  line  movement  of  about  40  per  cent  of  the  flut 
canopy  diameter.  At  thin  point  thin  method  slartn  be¬ 
coming  effective  for  reducing  the  total  drag  force  ex¬ 
perienced  by  the  canopy.  A  disadvantage  of  this  reef¬ 
ing  method  is  the  high  force  in  the  control  line  and 
the  large  amount  of  reefing  nrcessury  to  obtain  a 
significant  drag-reduction. 

7.3  R«*fing  Lines.  In  the  design  of  a  reefed 
canopy,  the  choice  of  the  proper  reefing-line  length 
is  extremely  important. 

There  are  three  methods  now  used  for  expressing 
the  extent  of  reefing  for  a  canopy:  (l)  drag-area  ratio 
is  the  ratio  of  the  drag  area  of  the  reefed  parachute 
to  that  of  the  fully  opened  canopy;  (2)  reefed-diameter 
ratio  is  the  ratio  of  the  diameter  of  the  reefed  para¬ 
chute  skirt  to  that  of  the  fully  inflated  parachute 
skirt  diameter;  and  (3)  reefing  ratio,  LLBl  is  ■  ratio 


of  reefing  line  length  to  nominal  diameter.  Methods 
(1)  and  (2)  were  in  WADC  TR  55-265;  method  (3)  is  in 
Kef  (4-51). 

The  reefing  line  must  be  designed  to  withstand 
maximum  forces  dependent  upon  the  percentage  of 
drag  area  of  the  canopy  in  the  reefed  condition  com¬ 
pared  with  its  drag  area  in  the  fully  inflated  condi¬ 
tion. 

The  forces  in  the  control  lines  of  a  reefing  system 
similar  to  System  II  were  measured  on  a  flat  circular 


OPENING  FORCE  (I)  FORCE  IN  THE 
REEFING  LINE  (II)  ANO  IN  THE 
CONTROL  LINE  (III)  IN  PERCENT 
fe  OF  THE  DRAG  OF  THE  REEFED  PARACHUTE 


1.0  I  *  4  2 


RATIO  OF  PARACHUTE  REEFING  -  °S>R 

<CDS>0 

Fig.  4-83  Skirt  Reefing;  Reefing  Line,  Control 
Line,  and  Skirt  Opening  Forces 
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ribbon  parachute  10  ft  in  diameter,  towed  behind  un 
aircraft  at  125  mph.  The  forces  in  the  reefing  line 
and  the  akin-opening  forcea  were  calculated  from  the 
forces  measured  in  the  control  line.  Thcae  forcea  us 
a  function  of  reefing  ratio  {('pS)^  W.^.v')(1  are  shown 
in  Fig.  4413 

7.4  Muitipl*  Reefing.  Attempts  to  provide 
closer  control  of  forces  ieiposed  on  inflating  canopies 
have  led  to  the  development  of  methods  of  stuged  reef¬ 
ing  of  parachutes.  One  system  (lief  (4-53)1  utilised 
three  stages  of  skirt-reefing  by  having  one  continuous 
reefing-line  with  suitable  jumpers  strung  through 
reefing  line  cutters  with  three  different  time-deluys 
located  along  the  canopy  skirt.  Another  method  incor¬ 
porates  reefing  lines  of  different  lengths,  locuted  at 
various  positions  on  the  drag-producing  surface. 
These  lines  are  cut  at  pre-selected  times  by  the  cutter 
located  on  the  same  circumferential  line  as  the  reef¬ 
ing  line. 

7.5  Reefed  Inflation  Characteristics.  The  drag 

area  that  should  be  exposed  to  the  airstream  at  any 
given  speed  will  depend  upon  the  deceleration  re¬ 
quired  and  the  strength  of  the  individual  components 
that  make  up  the  parachute  structure.  The  area  ex¬ 
posed,  in  turn,  is  controlled  by  the  reefing-line  length 
and  the  porosity  of  the  inflated  portion  of  the  canopy. 
If  at  any  stage,  instability  occurs  at  the  reefed  open¬ 
ing  that  results  in  a  tendency  for  the  canopy  to  squid 
or  collapse,  a  loss  in  drag  and  deceleration  will  re¬ 
sult,  and  failure  of  the  canopy  at  the  next  disreefing 
stage  may  occur. 

The  reefing-line  length  controls  the  area  of  the 
opening  through  which  air  can  enter  the  drag-produc¬ 
ing  surface,  but  the  porosity  of  the  canopy  will  deter¬ 
mine  its  maximum  influted  diameter.  At  equilibrium, 
the  ratio  of  outflow  urea  to  inflow  area  is  a  charac¬ 
teristic  of  each  parachute;  increasing  the  porosity 
will  reduce  the  inflated  diameter,  and  decreasing  the 
porosity  will  increase  the  inflated  diameter  for  any 
given  reefing-line  length.  Consequently,  too  much 
porosity  will  cause  the  influted  diameter  to  approach 
the  (smaller)  reefed  diameter,  and  a  point  will  be 
reached  where  the  canopy  has  a  tendency  to  elongate. 

7.6  Calculations  for  Skirt  Raffing  for  Flat  Cir¬ 
cular  Canopies.  If  the  opening  shock  of  the  re¬ 
quired  canopy  is  too  high,  or  if  a  smaller  drag-area  is 
needed  temporarily,  the  diameter  of  a  smaller  canopy, 
whose  drag  area  will  not  cause  an  excessive  opening 
shock,  must  be  calculated.  The  drag  coefficient 
undergoes  a  change  during  reefing,  due  to  the  change 
in  canopy  shape.  In  order  to  overcome  this  diffi¬ 
culty,  a  method  is  used  in  which  the  drag  area  of 
the  canopy,  instead  of  the  drag  coefficient,  is  the 
basis  for  calculations.  The  permissible  diameter  and 


drag-area  of  a  reefed  canopy  can  be  determined  as  the 
diameter  of  j  reefing  line,  as  in  the  following  example; 

(■l)u  ~  drug  coefficient  based  on  total  canopy 

surface  area 

l>n  >-  nominal  diameter  of  the  unreefed  canopy 

(CpS)o  =  drag  area  of  the  unreefed  canopy  (based 

D  j  «  (theoretical)  diameter  of  the  teefed  canopy 

l)|  »  2 

l>tf  j  -  skirt  diameter  of  the  reefed  canopy 

l> --  skirt  diameter  of  the  fully  inflated 
canopy 

( -  drag  area  of  the  reefed  canopy 
/  -  number  of  gores 

-  ratio  of  reefing-line  diameter  length 
to  flat  (constructed)  canopy  diameter 

o 

5  «  ratio  of  skirt  diameters 

If  a  canopy  with  a  C[)Q  -  0.47  of  Da  -  20  ft,  with 
?  «  20  gores,  and  a  drag  area  ( C[)S )  -  148  sq  ft,  has  a 
permissible  drag-area  reefed  (CpS)ff  =  16  sq  ft,  the 
drag-area  ratio  then  equals 


NUMBER  OF  CORES 
hit’.  4-84  C  vs  dumber  of  Gores 
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REEFING  LINE  DIAMETER  RATIO  8  — L 

D„ 


Fig.  4-85  Png  Area  Ratio  vs  Reefing  Line  Diameter  Ratio 


(CpS)K 


16 

148 


0.108 


Therefore,  for  20  gores,  C  «=  0.61  (see  Fig.  4-84). 
For  a  drag  area  ratio  of  0.108,  8  -  0.194  (see  Fig. 
4-85).  With  this  data,  the  diameter  of  the  reeJing-Iine 
circle  may  be  determined: 


nRi  ~D0C8 

PR^~  20*0.61x0.19  -  2.36  ft 


The  theoretical  diameter  of  the  reefed  canopy  can 


also  be  calculated. 

"  1 


^  2 


16 


=  6.6  ft 

The  data  presented  in  Fig.  4-84  and  4-85  have  been 
verified  by  tests  and  apply  to  all  types  of  flat  circular 
canopies. 

7.7  Skirt-Reefing  of  Extended-Skirt  Canopies. 

As  noted  in  the  preceding  paragraph,  the  curves  shown 
in  Fig.  4^)5  apply  only  to  flat  circular  canopies.  How¬ 
ever,  tests  have  been  made  on  reefed  extended-skirt 


186 


drag  area  ratio 


I  .04  .00  .12  .1*  M  .24  .2* 

•'  JO  M  .60  .00  1.0 


REEFING  LINE  RATIO 

Fig.  4-86  Draff  Area  Ratio  vs  Reefing 

canopies  (Ref  (4-54))  to  provide  sufficient  data  to  make 
a  similar  plot  of  drag-area  ratio  versus  reefing  ratio 
for  this  type  of  canopy.  These  carves,  plotted  from 
empirical  data,  are  shown  in  Fig.  4-86. 

7.8  Roofed  Supersonic  Parachutes.  Recovery 
systems  for  aerospace  vehicles  presently  utilise  rib¬ 
bon  canopies  for  first-  and  second-stage  decelerators. 
Consideration  has  been  given  to  recovery-system  de¬ 
signs  in  which  the  second-stage  decelerntor  is  reefed 
to  provide  a  drag  area  comparable  to  the  (bog  area  of 


* 

Line  Diameter  Ratio  for  Extended  Skirt  Canopies 

the  original  first-stage  canopy.  This  would  eliminate 
the  need  for  an  individual  first-stage  decelerator. 

Supersonic  wind-tunnel  tests  have  been  conducted 
with  a  ribbon  canopy  with  a  10  per  cent  extended-skirt 
(llemisflo)  reefed  to  diameters  of  0.125,  0.250,  0.333, 
and  0.400  of  the  nominal  diameter  of  the  canopy.  Fig. 
4-87  shows  the  results  of  these  tests.  The  reefed 
drag-coefficients,  based  on  an  ores  equal  to  (Lf(> 

4s 

(where  Lr  equals  reefing-iine  length)  are  plotted  as  a 
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D  TO  “ARACHUTE  NOMINAL  DIAMETER 

/■'ll*.  t-H T  Drat;  Coefficient  I  ariution  Vith  Reefed 
Diameter  Ratio 

function  of  diameter  ratio. 

However,  within  the  current  slate  of  the  art.  it  is 
fell  lhat  the  use  of  reefed  canopies  at  supersonic 
speeds  is  unreliable.  One  of  the  major  considerations 
is  the  availability  of  a  disroefing  device  which  would 
withstand  the  high  g- forces  which  develop  at  the  shirt 
of  the  reefed  canopy  when  inflating  at  supersonic 
speeds.  In  addition,  performance  characteristics  of 
reefed  canopies  at  supersonic  speeds  ut  present  lire 
unpredictable.  Therefore,  the  use  of  u  multi-stage  sys¬ 
tem,  in  lieu  of  reefing,  is  recommended  us  current 
state-of-the-art  design  of  aerospace-vehicle  recovery 
systems. 

7.9  Rttfillj  Rings.  The  use  of  rectangulur 
cross-section  reefing  rings,  as  discussed  in  f’hupter  9, 
is  very  important,  since  the  surface  urea  presented 
prevents  any  hinging  action  in  the  ring,  which  can  re¬ 
sult  in  binding  of  the  reefing  line  between  the  ring 
and  the  skirt  of  the  canopy.  Use  of  reefing  rings  with 
round  cross-section  should  be  avoided,  as  failures 
may  occur. 

When  using  the  skirt-reefing  method,  reefing  rings 
are  attached  to  the  skirt  of  the  canopy  with  thread  or 
webbing.  When  using  webbings  for  retaining  the  rings 
to  the  skirt,  the  stitching  must  be  as  close  to  the  ring 
an  possible,  to  avoid  turning  of  the  ring. 


SEC.  8  CANOPY  PRESSURE  DISTRIBUTION 


The  knowledge  of  the  pressure  distribution  over  the 
drug-producing  surfuce  of  u  textile  canopy  is  a  valu¬ 
able  tool  for  the  prediction  of  canopy  inflation  charac¬ 
teristics,  und  is  n  prerequisite  for  any  uttempt  to  unuly  ze 
accurately  the  stress  distribution  in  the  canopy,  par¬ 
ticularly  during  the  period  of  inflation.  As  the  eunop) 
starts  to  inflate,  the  uirflow  into  and  around  it  causes 
u  rapidly  changing  pressure-distribution,  which  in  turn 
causes  the  canopy  to  change  shape.  Consequently, 
stress  distribution  and  magnitude  of  stress  also  change 
rapidly  with  the  shape  and  change  in  pressure  dis¬ 
tribution. 


8.1  Inflated  Canopy  -  Pressure  Distribution  in 
Subsonic  and  Transonic  Flow.  Some  experimental 
dntu  are  avuiluble  on  the  pressure  distribution  over 
the  surface  of  conventional  canopies  under  static, 
fullv  inflated  conditions.  It  has  been  commonly  as¬ 
sumed  thut  the  internal  pressure  is  uniformly  distri- 
buled  over  the  fullv  inflated  cunopy  surface.  Phis  as¬ 
sumption  hus  been  verified  experimentally  on  rigid 
and  textile  scale  models  b\  determining  the  internal 
pressure  coefficients  for  several  drag-producing  sur¬ 
faces.  The  coefficient  of  pressure  is  defined  us 


■V  I’ I  -  I 

(4-1.12)  e  —  -  -L - ^ 

v  "  y  2/^1 l2 


where  I' i  -  locul  static  pressure; 

/’  -  free-streum  static  pressure; 

q  *•  (p  2)  f"  -  dynamic  pressure; 


If  -  free-stream  Mach  number;  and 

no 

y  -  ratio  of  specific  heats  (assumed  as  1.40 
for  temperature  range  of  72-°4  h  during 
tests). 

In  subsonit  und  transonic  flow,  it  may  be  expected 
that,  inside  a  hollow  non-porous  or  slightly  porous 
object,  the  local  pressure  is  approximately  the  isen- 
tropic  stagnation  pressure.  In  compressible  flow,  the 
stagnation  pressure,  P  .  can  be  expressed  in  terms 
of  the  dynamic  presaure,  q ,  by  means  of  the  relation¬ 
ship 
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If  perfect  isentropic  stagnation  pressure  is  achieved 
in  the  inside  of  the  canopy  models,  then  the  pressure 
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coefficient  would  be  (lief  (4-55)) 


Ac  V  ‘  V  *  W 
(4-154)  ,•  -  —■  -  1  *  -2L.  ♦ 

»*  „  4  40  1600 


The  pressure  distribution  over  the  drag-producing 
surface  of  rigid  models  of  flat  circular  ribbon  canopy 
(20  per  cent  geometric  porosity)  und  a  guide- surfucc 
canopy  lias  been  experimentally  determined  (Hef  (4-56)). 
Models  used  in  these  experiments  were  constructed 
of  stainless  steel  und  bad  a  maximum  projected  dia¬ 
meter  of  2.5  in.  Suspension  lines  were  not  included. 
The  canopy  models  were  rear-sting  mounted  at  zero- 
degree  angle  of  attack  and  the  test  range  was  at  free- 
streum  Mach  numbers  between  0.6  and  G 25.  I  he  Rey¬ 
nolds  number  range  was  from  6.90x10'  to  9.71x10'  . 
with  the  maximum  model  diameter  us  the  characteris¬ 
tic  dimension.  The  ratio  of  the  sting  diameter  to  maxi¬ 
mum  diameter  wus  0.175;  the  mounting  point  of  the 
model  to  the  sting  corresponded  in  size  to  the  vent 
opening  of  u  full-sized  canopy.  The  combined  external 
and  internal  pressure  coefficients  are  shown  in  big. 
4-B9  and  4-90  for  the  ribbon  and  guide-surface  canopies 


respectively.  Vectors  pointing  toward  the  surface  of 
the  model  indicate  positive  r  vulues,  while  the  vec¬ 
tors  pointing  away  indicate  negutive  r  values.  These 
data  show  how  the  pattern  of  pressure  distribution 
varies  with  Mach  number.  I'he  relationship  between 
external  pressure  coefficient  and  free-strenm  Mach 
number  for  various  points  on  the  drag-producing  sur¬ 
face  is  shown  in  big.  4-Htt  and  4-91. 

Generally,  pressure  distribution  for  the  ribbon 
canopy  indicates  a  decrease  in  external  pressure- 
coefficient  and  an  increase  in  internal  pressure-coef¬ 
ficient  with  increasing  Mach  number.  The  net  change 
of  pressure  distribution,  however,  represents  a  de¬ 
crease  in  the  tendency  of  inflation  of  the  flexible 
canopy.  While  the  pattern  of  the  external  pressure  dis¬ 
tribution  changes  with  Mach  number,  the  internal  pres¬ 
sure  coefficient  always  assumes  avulue  approximately 
equal  to  the  ratio  of  A p/q  of  compressible  flow. 

Shadowgraph  pictures  taken  during  these  tests  show 
thut  in  subsonic  flow  a  well-defined  stream  of  air 
passes  through  the  slots  between  the  individual  rib¬ 
bons.  This  flow  is  subsonic  below  a  free-atream  Mach 
number  of  approximately  0.80.  Reginning  at  Mach  0.80, 
the  airslream  between  the  ribbons  begins  to  show  a 


Fig.  4-88  External  Pressure  Coefficients  vs  for  Flat  Circular  Ribbon  Type  Canopies 


189 


11 


8  8  S  8  e 
M  §  5  5 


o  o  o  o 


& 

c 

<3 

fc 

t-, 

e 

o 

~o 

-o 


I  8  «  *  <1 r 

3  2  2  j  * 


•  ■ 


U 

5 

Ui 

0 


o 

u 


Ui 

U 

< 

u. 

K 

D 


*  8 
-  e 


;;«s 

o  o 
I  I 


l  l  l  l  “» 


3 


o 
< 
oc 
o 

Ui 

I  A. 

A.  >- 

■>  H 
Z 

o 


2 

s 

o 

-J 


<3 

k. 


c 

o 

a 

-2 

s 

.«* 

5 

% 


a. 

’3 

E 

£ 

J? 


3 

* 

uj 

Ov 

2 

•** 

k. 


190 


GUIDE  SURFACE 

GUIDE-SURFACE  TYPE  DRAG  PRODUCING  SURFACE 
Fig.  4-90  External  and  Internal  Pressure  Distribution  for  Guide-Surface  Type  Canopies 


diamond  pattern  which  is  characteristic  of  jet  flow  osity)  at  free-stream  Mach  0.897,  in  which  the  diamond 

with  sonic  speed.  This  means  that  sonic  flow  exists  pattern  forming  behind  the  slots  can  be  distinguished, 

in  the  slots  even  though  the  free-stream  Mach  number  The  pressure  distribution  across  the  roof  of  the 

is  still  subsonic.  This  phenomena  is  caused  by  the  guide-surface  canopy  does  not  change  appreciably, 

reduced  pressure  on  the  outside  of  the  drag-producing  and  remains  nearly  constant  for  any  particular  free- 

surface  while  almost  full  isentropic  stagnation  pressure  stream  Mach  number.  The  internal  pressure  distribution 

exists  inside  the  inflated  drag-producing  surface.  is  also  nearly  constant  across  the  drag-producing  sur- 

Fig.  4-92  shows  a  shadowgraph  picture  of  a  circular  face;  its  value  is  almost  equal  to  the  isentropic  stag- 

flat  ribbon  canopy  model  (20  per  cent  geometric  por-  nation  pressure.  However,  a  significant  change  of  the 
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Fif’.  4-91  External  Pressure  Coefficients  vs  Mach  \'umber  for  Guide-Surface  Type  Cawpies 


hie,.  4 -92  Schlieren  Picture  of  a  Ribbon-Type  Draif-Producine  Surface  at  a  Tree-Stream  Mach  \umber  of  O.P97 


external  pressure  coefficient  with  Mach  number  is 
indicated  along  the  guide  surfaces,  and  the  net  force 
which  keeps  the  canopy  inflated  decreases  rather 
rapidly  with  Mach  number.  Fig.  4-91  shows  that  for 
the  taps  located  on  the  guide  surfaces  the  external 
pressure  coefficient  changes  from  negative  values  to 
positive  values  at  transonic  free  stream  velocities. 

8.2  Inflated  Canopy  -  Pressure  Distribution  in 
Supersonic  Flow.  An  analysis  of  the  external  and 


internal  pressure  distribution  over  the  drag-producing 
surface  of  a  circular  flat  ribbon  canopy  in  supersonic 
flow  has  been  performed  (Ref  (4-57)).  The  experimental 
determination  of  the  pressure  distribution  was  conduct¬ 
ed  on  rigid  models  of  a  canopy  simulating  the  actual 
flying  shape  in  high  subsonic  flow.  The  drag-producing 
surface  had  a  geometric  porositv  of  26  per  cent,  and 
its  projected  diameter  was  1.94  in.  To  determine  the 
effects  of  suspension  lines  and  primary  body  upon 
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Fig.  4-93  Pressure  Coefficient  Distribution  Curvet  of  a  26%-Porosity  Ribbon-Type  Canopy 
Model  With  and  Without  Suspension  Lines,  No  Forebody 


canopy  pressure-distribution,  suspension  line*  of  2 Dg 
lengths  and  a  primary  body  of  ogive  cylinder  shape 
(1.94  in.  in  diameter,  2.S  caliber  with  a  fineness  ratio 
of  4.5)  were  added.  All  models  were  resisting  mounted 
at  zero  angle  of  attack.  The  external  and  internal 
pressure  coefficients  for  the  ribbon  canopy  drag- 
producing  surface  with  and  without  suspension  lines 
in  free  stream  are  shown  in  Fig.  4-93  for  free-stream 
Mach  numbers  of  1.09  and  3.0.  Comparing  the  pressure 


coefficient  values  measured  on  the  ribbon  canopy 
drag-producing  surface  without  lines  with  those  pre¬ 
sented  in  Fig.  4-68  for  the  same  free-stream  Mach  num¬ 
ber,  slight  changes  in  values  are  apparent,  due  pri¬ 
marily  to  changes  in  model  shape.  The  internal  pres¬ 
sure  distribution  for  the  model  without  lines  is  nearly 
constant;  the  values  approximately  equal  the  ratio 
of  tsp/q  of  compressible  flow.  When  suspension  lines 
are  added  to  the  model,  the  internal  pressure  coeffi- 
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Fig.  4-94  Pressure  Coefficient  Distribution  of  a  fb%-Porosity  Ribbon-Type  Canopy  Model  With 
Suspension  Lines  aid  Forebody 


cients  arc  (hanged  drastically,  particularly  at  the 
higher  free-stream  Mach  number.  The  increuae  in  the 
internal  preaaure  coefficients  in  the  case  of  the  drag- 
producing  aurface  without  liuea  at  the  higher  free- 
atream  Mach  number  ia  due  to  the  large  pressure  re¬ 
covery  across  the  well-defined  shock  ahead  of  tire 
drag-producing  surface.  The  effect  which  the  suspen¬ 
sion  lines  have  upon  the  external  pressure  coefficients 
is  relatively  small.  Values  of  the  external  pressure 
coefficient,  however,  are  positive  over  the  entire 
surface  at  a  tree-stream  Mach  number  of  3.0.  Placing 
an  ogive  cylinder  of  diameter  equal  to  the  projected 
diameter  of  the  drag-producing  surface  eight  cylinder- 
diameters  ahead  of  the  drag-producing  surface  has 
only  a  small  influeuce  upon  the  external  pressure  coef¬ 
ficients,  as  seen  in  Fig.  4-94.  A  modification  of  the 
internal-preaaure  distribution  as  compared  with  free- 
stream  conditions  is  apparent. 

8.3  Inflating  Canopy  -  Pressure  Distribution 
in  Subsonic  Flow.  Very  little  information  is  avail¬ 
able  on  the  change  in  pressure  distribution  during  the 
period  of  canopy  inflation.  This  lack  of  data  is  due 
primarily  to  the  extreme  difficulty  encountered  in  at¬ 
tempts  to  determine  internal  and  external  pressure 
values  experimentally  under  dynamic  conditions. 

A  trend  in  the  change  in  external  and  internal  pres¬ 
sure-distribution  during  the  period  of  canopy  inflation 
is  indicated  in  Fig.  4-95  thru  -102  (Ref  (4-58)).  Pres¬ 
sure  values  shown  were  deteimined  experimentally 
under  static  conditions  on  seven  geometrically  synthe¬ 
sized  shapes  of  a  flat  circular  solid-cloth  canopy. 
Tests  were  conducted  without  suspension  lines;  how¬ 
ever,  the  effect  of  the  suspension  lines  upon  the  pres¬ 
sure  distribution  in  low  subsonic  flow  (tf  <  0.2)  is 
considered  to  be  negligible. 


Model 

No. 

dv  (In  ) 

0(la) 

/.(In.) 

</fln.) 

1 

16 

1.6 

2.55 

6.00 

1.85 

2 

16 

1.6 

3.82 

5.00 

2.91 

3 

16 

1.6 

5.09 

4.00 

4.07 

4 

16 

1.6 

6.37 

3.00 

5.36 

5 

16 

1.6 

7.64 

2.00 

6.79 

6 

16 

1.6 

8.91 

1.00 

8.39 

7 

16 

1.6 

10.02 

0 

10.02 

Supplement  to  Fig.  4-95—102 
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Fig.  4-95—102  Schematic  Pressure  Coefficient  Distribution  of  Models  l  through  7  in  Inflating  Parachute  Canopy 
Scries 
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SEC.  9  CANOPY  STRESS  DISTRIBUTION 

The  importance  of  knowing  the  atrenn  distribution 
in  canopies  and  its  relation  to  canopy  strength  lien  in 
the  necessity  for  minimising  the  weight  of  the  canopy 
and,  with  it,  required  packing  volume.  In  light-weight 
designs,  where  maintenance  of  canopy  strength  is  an 
important  factor,  stress  analysis  is  an  indispensable 
element. 

The  stresses  in  a  canopy  are  caused  by  aerodynamic 
loads  acting  on  and  between  the  various  structural 
components.  The  stresses  are  both  dynamic  and  static. 
Dynamic  stresses  usually  exist  for  a  comparatively 
short  time,  during  the  transition  period  from  the  moment 
the  suspension  lines  are  stretched  and  canopy  filling 
begins  to  the  moment  a  steady  state  is  reached  (i.e. , 
the  moment  the  canopy  assumes  its  fully  inflated 
shape).  Although  the  stresses  are  sot  constant  during 
the  steady  state,  their  variation  is  small  compared  to 
that  encountered  during  the  transition  period.  There¬ 
fore,  the  stresses  in  steady  state  can  be  considered 
as  static. 

Although  the  structure  of  a  canopy  differs  consider¬ 
ably  in  many  respects  from  more-common  load-bearing 
structures,  a  stress  analysis  still  requires  a.  know¬ 
ledge  of  three  basic  items:  the  shape  and  fnbrication 
details  of  the  structure,  the  manner  and  magnitude  of 
application  of  the  loads,  and  the  characteristics  of 
the  structural  material.  The  load-carrying  elements  are 
primarily  fabric  that  has  little  stiffness  and,  therefore, 
can  take  no  bending  loads.  Loads  are  resisted  by  ten¬ 
sion  in  the  members.  Many  types  of  fabric  can  be 
utilized,  each  having  its  own  strength  and  elongation 
characteristics.  Shape  and  construction  vary  with  the 
type  of  canopy. 

Stress  analysis  for  a  canopy  is  extremely  compli¬ 
cated,  since  maximum  stresses  occur  during  the  open¬ 
ing  process,  which  is  the  period  of  rapidly  changing 
shape  and  load.  The  determination  of  stresses  in  a 
canopy  is  essentially  an  aeroelnstic  problem,  insofar 
as  the  cloth  and  suspension  lines  may  be  said  to  be 
elastic.  Experience  with  structural  failures  in  cano¬ 
pies,  as  well  as  measurements  of  snatch  and  opening 
farces,  indicate  that  the  critical  stresses  occur  during 
opening-ahock.  Nevertheless,  the  steady-state  problem 
is  of  interest,  because  the  maximum  stresses  in  the 
infinite-mass  case,  which  approximates  conditions  of 
opening  for  such  applications  as  first-atage  decelera¬ 
tion,  aircraft  landing  deceleration,  and  others,  seem 
to  occur  when  the  canopy  is  fully,  or  almost  fully, 
opened.  The  steady-state  problem  may  also  serve  as  a 
helpful  preliminary  to  the  more  difficult  and  important 
problem  of  the  determination  of  critical  transient 
stresses  during  opening. 


Jones  (Ref  (4-41))  and  Topping,  et  al  (Ref  (4-59)) 
have  attempted  the  calculation  of  ntrenses  in  para¬ 
chute  canopies  under  steady-state  conditions.  Both 
studies  are  based  principally  on  the  aasumption  that 
the  radial  stresses  in  a  canopy  may  be  neglected  be¬ 
cause  of  the  magnitude  of  the  circumferential  stresses. 
This  assumption  then  provides  a  certain  profile  which 
is  known  as  the  “Taylor  shape".  However,  the  results 
given  in  Ref  (4-59)  show  that  the  actual  profile  of  a 
free-flying  canopy  deviates  significantly  from  that  of 
the  Taylor  shape.  Therefore,  one  may  expect  that  the 
results  of  stress  calculations  based  on  the  Taylor 
shape  will  not  be  the  same  as  the  stresses  in  actual 
canopies  of  conventional  shape. 

In  view  of  this  background,  Heinrich  and  Monson 
(Ref  (4-60))  formulated  a  method  to  calculate  the 
stresses  in  a  canopy  whose  free-flying  profile  and 
gore  pattern  are  known.  This  concept  also  makes  it 
possible  to  calculate  the  stresses  in  a  canopy  during 
the  period  of  inflation,  while  the  methods  used  in 
Ref  (4-41)  and  (4-59)  are  restricted  to  the  fully  in¬ 
flated  canopy. 

9.1  Definitions  and  Determination  of  Basic 
Working  Equations  for  Cord-Lino  Profile.  The  im¬ 
portant  effect  which  the  canopy  shape  has  on  the 
stresses  in  the  drag-producing  surface  is  well  known. 
Accordingly,  the  starting  point  of  the  method  deve¬ 
loped  in  Reference  (4-60)  is  the  profile  ohnpe  of  an 
inflated  canopy.  This  shape  is  most  readily  obtained 
by  photographing  a  freely  descending  canopy  or  a 
wind  tunnel  model  from  the  side,  although  any  other 
accurate  method  is  valid.  Since  a  profile  photograph 
fails  to  reveal  the  profile  shape  of  the  cord  lines  of 
the  canopy,  it  is  first  necessary  to  derive  the  cord¬ 
line  profile  from  the  photographed  gore-centerline 
profile. 

Theoretically  the  canopy  may  be  considered  to  be  a 
thin  flexible  shell  acted  on  by  normal  and  tangential 
forces.  To  apply  the  equilibrium  equations  of  a  small 
section  of  this  shell  (Fig.  4-103),  certain  other  assump¬ 
tions  most  be  made.  These  assumptions  are:  (1)  the 
surface  is  formed  by  rotating  a  curve  about  an  axis; 
and  (2)  the  aerodynamic  forces  are  rotationally  symme¬ 
trical. 

These  assumptions  are  quite  realistic  and  simplify 
the  future  process  of  analysis.  The  method  is  further 
based  on  the  fact  that  any  given  gore  pattern  has  a 
certain  unstretched  width  at  any  given  location  on  its 
surface.  Upon  inflation  of  the  canopy,  this  gore  must 
bulge  out  and  assume  a  curved  shape  between  adja¬ 
cent  cords,  since  their  separation  distance,  Z,  is 
less  than  the  gore  width.  This  separation  distance 
depends  only  on  the  distance  from  the  canopy  to  the 
central  axis  (Fig.  4-106).  Fig.  4-107  shows  a  typical 
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through  the  axis  of  the  canopy.  Referring  to  this  figure, 
one  may  write 


Fig.  4-103  Forces  Acting  on  a  Small  Segment  of  a 
Flexible  Shell  in  Equilibrium 

gore-centerline  profile.  It  in  aeen  to  be  eeparated 
from  the  nnaociated  cord-line  profile  by  the  distance 
measured  normal  to  the  gore  centerline  nt  any  point. 
An  approximate  analytical  solution  for  the  distance, 
b,  in  terms  of  geometric  properties  of  the  canopy  will 
allow  the  graphic  construction  of  the  cord-line  profile. 

An  a  first  step  in  obtaining  the  cord-line  profile, 
the  parachute  cloth  shall  be  assumed  to  be  unexten¬ 
dible,  which  provides  a  relatively  simple  treatment. 
After  a  solution  is  derived,  a  simple  correction  can 
be  introduced  which  accounts  for  the  atreas-atrain 
properties  of  the  material  and  the  pressure  distribu¬ 
tion  over  the  drag-producing  surface.  In  this  first  step, 
the  effect  of  neglecting  the  strain  of  the  material  is 
of  minor  importance  aince,  for  the  steadily  descending 
canopy,  the  atrain  generally  amounts  to  less  than  one 
per  cent.  The  situation  may  bo  entirely  different, 
however,  when  applying  the  method  to  the  inflation 
period  of  the  canopy  where  much  higher  differential 
presanrea  occur  than  during  steady  state. 

Fig.  4-105  presents  a  croaa  section  of  a  typical 
inflated  gore  cut  by  a  plane,  P^,  which  is  any  plane 
formed  by  the  normals  erected  at  two  points  equidi¬ 
stant  from  the  apex  on  adjacent  cords  and  passing 


(4-135)  7  -  2  (rD  sin  a  Q) 

where  7  ~  Distance  between  adjacent  cords; 

r0  -  Rulge  radius  of  unatretched  gore;  and 
a0  =  half  angle  of  unrestrained  gore  bulge 

(4-136)  7  -  2  (Rg  -  b)  tan  ft 

where  R »  Local  radius  of  curvature  of  the  locus 
of  points  resulting  from  the  intersection 
of  a  plane  Py  with  the  surface  of  revolu¬ 
tion  formed  by  rotating  the  gore-center¬ 
line  profile.  This  radius  is  approximated 
by  the  distance  between  the  gore-center- 
line  profile  and  the  canopy  central  axis 
in  plane  P^  (Fig.  4-105  and  4-107); 
b  »  Distance  from  gore  centerline  to  cord 
line  measured  normal  to  gore  centerline 
at  any  point  (Fig.  4-107);  and 


Fig.  4-104  Gore  Pattern  of  T  10  Extended  Skirt 
Parachute 
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ft  -  Angle  between  no.e  centerline  und  cord 
measured  from  central  axis  in  |dnnc  /’  j 
(Fig.  4- 1  Of.). 


(4-14.1) 


,S  (ir  Y)  f  1 

L1 "  l"M  J 


(4.137)  h"'o{  1- “>*•“„) 

(4-138)  a  -  2  Rk  ft 


K(|  4-142  and  4-143  will  be  dimensionless  if  the  terms 
they  contain  are  dimensionless.  Introducing  the  maxi¬ 
mum  inflated  radiua  of  the  canopy  x„  the  follow- 
.,  .  .  .Mnax 

ing  non-dimensional  terma  cun  be  written. 


where  a  *■  Length  of  arc  reaulting  from  intersection 
of  plane /’j  with  the  aurface  of  revolu¬ 
tion  formed  by  rotating  the  gore-center¬ 
line  profile. 


Kk  -  ^  *g 
*  *  *inux 


U-144) 


*  *  *max 


Sg 

*  *  *mux 


h  m  b/xK 

n  n 


(4-139)  d(i  -  2rf)o() 

where  dQ  »  Length  of  arc  resulting  from  intersection 
of  plane  P^  with  the  surface  of  revolu¬ 
tion  formed  by  unextended  inflated  gorr 
cloth. 


Substituting  these  terms  into  Kquations  4-142  and 
4-143,  one  obtains 


(4-145)  sin  aQ 


-A- 

S*  (tr/.V) 


+  cos  an 


While  many  types  of  canopies  are  “shaped”  by 
incorporating  unconventional  gore  patterns,  canopies 
in  their  simplest  form  are  composed  of  V  triangular 
gores.  Accordingly,  this  analysis  will  be  limited  to 
the  simple  triangular  gore  shape,  although  the  con¬ 
cept  is  generally  applicable  to  any  gore  shape,  (.on- 
sidering  this  geometry  and  referring  to  Fig.  4-104,  it 
is  seen  that 


(4-140) 


tr 

n  c  _ 

K  V 


where  S  «  Arc  length  measured  on  the  gore-centerline 
profile. 

From  Fig.  4-106,  it  can  be  seen  that 
(4-141)  a  -  2  Xg  i 

where  xg  «  Abscissa  measured  from  the  central  axis 
of  the  canopy  to  a  point  on  the  gore-cen¬ 
terline  profile. 

Fq  4-135  through  4-141  can  now  be  solved  for  b 
since  there  are  seven  independent  relations  involving 
the  seven  unknowns  rQ,  aQ,  7,  b,  ft,  dQ,  and  a, 

It  is  most  convenient  to  solve  first  for  a  and  obtain 


(4-142)  sin  a 


i  -  a° 

°  Sg  (ir/iV) 


(ir//V) 

The  final  expression  for  b  is 


+  COS  0—1 


x  ir/v 
tan  °  - 


Fig.  4-105  Intersection  of  a  Plane  p  .  with  Inflated 
Gore 
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anil 

»  .S'  v  V 

(■1-146)  h  -  *  |  |  -  ms  n(  I 

In  Kq  4-145  uiul  4-146,  V  in  ihr  number  of  gores  in 
the  cunopy  und.S^,  ,  ,  und  H ^  me  measured  graph  i- 

cully  from  a  gore-centerline  ]>rofi  1«*  as  shown  in  Fig. 
4-107.  The  profile  of  a  cord  is  determined  la  calculat¬ 
ing  values  of  h *  along  (lie  gore  lenlerline  from  tin* 
apex  to  the  skirt.  Mechanically .  the  value  for  /<*  is 
found  by  means  of  un  iteration  process  this  consists 
of  choosing  values  of  a(l  until  the  left-  and  right-hand 
sides  of  Kq  4-145  are  equal,  then  substituting  this 
value  of  a,,  into  Kq  4-146  mid  solving  for  !>* . 

Kith  profiles  of  the  gore  centerline  and  the  cord 
known,  mid  with  the  assumption  of  circular  arcs 
between  adjacent  cords,  the  tension  in  the  cloth  can 
now  be  calculated. 

9.2  Cloth  Stresses  Function  of  the  Gore  Bulge 
and  the  Differential  Pressure.  If  the  meridian 

forces  applied  to  the  cloth  are  neglected,  the  circum¬ 
ferential  tension  in  the  canopv  cloth  cun  be  calculated 
as  simple  hoop  tension  (b  ig.  4-10H).  From  the  geometn 
of  an  element  of  the  cunopy  surface 


/•'if.  4-106  Top  View  of  Inflated  Canopy 


Fir.  4-107  Profile  of  a  Canopy  Formed  by  the  Core 
('enterline 


(4-147)  A  P  ■  A  .S'  •  2 r  sin  a  -  2  Ti  -AS  ain  a  -  0 

C  n  C 

where  A/’  »  Differential  pressure; 

r  «  Bulge  radius  of  stretch  gore  (b'ig.  4-109); 

a  >•  Half  angle  of  gore  bulge  measured  in 
plane/' j;  and 

T ^  ■=  Stress  existing  in  canopy  cloth. 
Performing  simplifications,  Kq  4-147  becomes 
(4-1  48)  Th  =  A  P(r) 

Making  the  expression  dimensionless,  >ne  obtains 
(4-149)  Tl  ■=  A P  r * 

Kmax 

By  expressing  r*  in  terms  of  the  geometric  properties 
of  the  canopy  and  the  elastic  properties  of  the  cloth, 
Kq  4-149  will  give  a  solution  for  cloth  stress. 

When  the  strain  of  the  cloth  is  considered,  the  in¬ 
flated  gore  stretches  from  an  initial  width,  dQ,  to  a 
final  width,  d,  and,  as  shown  in  Kig.  4-109,  the  bulge 
radius  becomes  r  and  the  half  angle  of  the  gore  bulge 
becomes  a .  From  the  geometry  of  Fig.  4-109 

(4-150)  /.  »  2  r  sin  a 
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and 

(4-151)  d  -  2r  a 

Krom  I'ig.  4-106  it  can  be  Been  that 
(4-152)  7.  -  2  «c  tan  (i r/N) 

where  x_  «  Abscissa  measured  from  the  central 
c 

axis  of  the  canopy  to  a  point  on  the  cord¬ 
line  profile. 

Assuming  perfect  elasticity  and  considering  Hooke’s 
law,  the  stress  in  the  canopy  cloth  may  be  established 
to  be 

(4-153)  Th  -  F.t 

where  F.  "  Modulus  of  elasticity  of  the  canopy  cloth; 
and 

(  «  Strain  of  canopy  cloth. 

(4-154)  d 

It  is  well  known,  however,  that  the  cloth  used  in  the 
construction  of  canopies  has  a  non-linear  stress-strain 
relationship.  In  order  that  Eq  4-153  will  remain  valid, 
F.  may  be  taken  in  the  first  approximation  as  the  ratio 
of  the  failure  stress  to  the  failure  strain.  If  more 
accuracy  is  required,  a  second  approximation  to  E 
may  be  found  by  dividing  the  stress  calculated  ac¬ 
cording  to  the  first  E  by  its  strain. 

Eq  4-148  and  4-150  through  4-154  may  be  solved  for 
r  since  they  make  up  seven  independent  relations  in¬ 


volving  the  seven  unknowns  d(),  T fl,  r,  d,  a,  and  i. 
(4-155)  x  -  col  (n  /,V)r  sin  fv  (— +  QJL)  tan  ir/.vl 

r  Lr  r  F  J 

making  this  relationship  dimensionless  by  again  intro¬ 
ducing  the  term  x  ,  the  following  is  obtained 
Kmax 

r  l  hPx  . 

(4-156)  xc*  -  cot  (s/.V) r*  sin  ll+  _  V 

ton  —1 

/vj 


In  Eq  4-156,  V  is  the  number  of  gores  and  *c  an<* 
S  *  are  measured  graphically  from  the  cord-line  pro¬ 
file  as  shown  in  h'ig.  4-107.  It  is  seen  that  r*  also 
depends  upon  a  dimensionless  parameter  APxAmax/£' 
hor  any  particular  value  of  this  parameter,  r*  may  be 
found  over  the  drag-producing  surface  of  a  canopy  by 
means  of  an  iteration  process.  Mechanically,  this 
consists  of  choosing  values  of  r*  until  the  left-  and 
right-hand  sides  of  Eq  4-156  are  equal.  Once  r*  is 
known,  the  stress  distribution  can  be  found  by  means 
of  Eq  4-140. 

When  the  differential  pressure  over  the  drag-produc¬ 
ing  aurlace  is  assumed  to  be  constant,  the  plot  of 
bulge  radius,  r*.  versus  location  on  the  canopy, Sg* 
also  represents  a  plot  of  the  stress  in  the  cloth  ver¬ 
sus  the  distance  from  that  location  along  the  gore 


Fig.  4-109  Geometry  of  a  Gore  Section  with  Con¬ 
sideration  of  the  Cloth  Strain 
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renterline  to  the  apex.  K  the  differential  pressure 
varies  over  the  drag-producing  surface,  the  value  of 
the  parameter  must  be  calculated  at  each  point  under 
consideration  in  order  to  determine  from  the  graph 
the  correct  bulge  radius, 

9.3  On*  Method  of  Stress  Analysis.  'Pie  method 

of  stress  analysis  presented  in  the  foregoing  applies 
to  a  canopy  which  has  attained  a  fully  inflated  free- 
flying  shape.  The  mechanics  of  this  method  of  stress 
analysis  may  be  applied  to  the  case  of  an  inflating 
canopy  also  if  sufficient  empirical  data  is  available. 
The  data  necessary  include  the  pressure  distribution 
over  the  canopy,  the  shape  of  the  canopy  during  infla¬ 
tion,  and  a  knowledge  of  the  amount  of  material  strain 
caused  by  the  high  differential-pressure  experienced 
during  the  caaopy-inflation  period.  This  last  parameter 
may  be  of  such  significance  that  the  assumption  of 
unextendible  cloth  utilized  in  calculating  the  cord¬ 
line  profile  may  not  be  valid. 

One  method,  reported  in  Ref  (4-61),  is  being  used 
to  calculate  the  stress  in  the  drag-producing  aurface 
of  a  canopy  during  the  period  of  inflation,  or  more 
specifically  at  the  time  of  maximum  loading.  This 
method  is  based  upon  the  initial  assumption  of  a 
generalized  shape  which  the  canopy  tenda  to  reach 
at  the  time  of  maximum  loading  or  opening  force.  The 
generalized  ahape  of  a  canopy  at  the  time  of  maximum 
loading  is  shown  in  the  following  sketch. 


The  entire  opening-shock  load  is  now  assumed  to 
be  acting  upon  the  hemispherical  portion  of  the  drag 
producing  surface  from  the  vent  to  approximately 
Section  A-A.  The  surface  area  of  this  portion  of  the  * 
drag  producing  surface  will  vary  depending  upon 
canopy  type,  canopy  loading,  canopy  porosity,  and 
degree  of  reefing,  among  other  factors.  The  relation¬ 
ship  between  the  constructed  diameter  of  the  canopy, 

I)  ,  and  the  diameter  of  the  assumed  hemisphere,  /)_, 

C  r 

may  be  written  as 

nl)„ 


YD. 


2 

2  yc. 


where  Y  is  the  ratio  of  the  length  of  the  drag-produc¬ 
ing  surface  over  which  the  forces  act  to  the  construct¬ 
ed  diameter  of  the  canopy.  Hie  diameter  of  the  hemis¬ 
phere  may  now  be  solved  in  terms  of  the  constructed 
diameter  of  the  canopy  from  a  closed  condition  O'  -  0) 
to  a  full  open  condition  O'  -  1.00).  These  results  are 
tabulated  below. 


Y 

V"c 

Y 

V»c 

0.01 

0.00636 

0.50 

0.31BOO 

0.05 

0.03180 

0.60 

0.38200 

0.10 

0.06360 

0.80 

0.51000 

0.20 

0.12750 

1.00 

0.63600 

0.40 

0.25500 

With  the  above  information,  the  stresses  may  be 
calculated  in  the  hemispherical  portion  of  the  drag- 
producing  surface  for  any  open  condition.  Since  this 
portion  of  the  drag  producing  surface  may  be  assumed 
to  be  a  thin-walled  hemisphere,  the  stress  is  calcu¬ 
lated  as: 


S 


where  P  in  the  pressure  acting  uniformly  throughout 
the  hemisphere  and  t  is  the  thickness  of  the  material. 
The  resulting  stress,  5,  is  generally  give;,  in  pounds 
per  square  inch.  A  common  manner  of  terminology  is 
to  express  the  loading  in  pounds  per  inch  of  length 
of  cloth.  This  gives 


L 


where  /,  is  the  load  in  pounds  per  inch. 

The  pressure  acting  inside  the  hemisphere  is  as¬ 
sumed  to  be  equal  to  the  opening-shock  force,  Fa, 
divided  by  the  cross-sectional  area  of  the  hemisphere, 
resulting  in  the  relationship 


F  F  4  F 


By  substituting  this  equation  into  the  previous  one, 
the  resulting  relationship  for  the  determination  of  the 
load  per  inch  becomes 


L 


4*o  Op  *o  Fo 
nl)p  2  4  \Dp  =  2YDc 


n 
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The  load  per  inch  may  now  be  directly  related  to 
the  flat  constructed  diameter  of  the  canopy  in  terms 
of  the  ratio  Y  at  the  time  of  maximum  loading.  This 


relationship  gives  thr  following  values: 

f  Tk 

o.oi  r>o 

o.or.  10 

o.io  r> 

0.20  2.5 

0.40  1.25 

0.50  1.00 

0.60  0.834 

0.80  0.625 

1.00  0.500 


The  remaining  step  in  analvzing  the  parachute 
canopy  for  loads  in  to  relate  the  type  of  canopy  being 
unulyzed  to  the  correct  value  of  l>  at  the  point  of 
maximum  force.  Thia  may  he  obtained  through  photo¬ 
graphic  and  force-time  data  of  the  canopy  while  the 
canopy  in  being  deployed  under  actuul  or  simulated 
uae-conditiona. 

It  should  pointed  out  that  thin  method  is  considered 
applicable  only  for  use  in  initial  design  of  canopies. 
This  analysis  should  not  be  considered  as  an  estab¬ 
lished  or  final  method  for  computing  drag-producing 
surface  stress  during  the  period  of  inflation.  I- actors 
such  as  geometric  and  effective  porosity  and  thr 
elastic  properties  of  various  materials  are  important 
variables  and  were  not  considered.  In  addition,  this 
method  is  only  applicable  to  those  canopies  which 
inflate  to  a  shape  similar  to  that  shown  in  the  sketch. 


SEC.  10  PRIMARY-BODY  WAKE  EFFECTS 

The  performance  of  aerodynamic  deceleration  de¬ 
vices  is  strongly  dependent  upon  the  aerodynamic 
flow  field,  since  die  function  of  the  deceleratnr  is  to 
produce  a  retarding  force  by  obstruction  to  or  deflec¬ 
tion  of  the  air  flow.  Several  additional  and  related 
factors  combine  to  influence  the  flow  field  character¬ 
istics,  including  configurations  of  both  the  decelera¬ 
tion  device  and  the  vehicle  to  which  it  is  attached; 
the  location  and  position  of  the  decelerator  with  res¬ 
pect  to  the  suspended  load;  and  atmospheric  conditions, 
including  pressure,  density,  and  temperature. 

In  classical  aerodynamics,  the  distribution  of 
velocity  and  pressure  in  the  wake  (that  region  of  re¬ 
duced  energy  located  downstream  from  an  object 
which  is  moving  through  the  air  or  has  air  moving 
past  it)  is  of  minor  interest.  Wakes  must  be  classified 


mnong  the  largely  unsolved  problrms  of  fluid  mecha¬ 
nics,  patliculariy  for  supersonic  free-stream  condi¬ 
tions.  One  of  the  basic  problems  is  the  difficulty  of 
solving  the  equations  of  fluid  motion  (Navier-Stokes) 
without  the  employment  of  gross  approximations. 
Although  approximations  such  as  boundary-layer 
theory  and  nonviscous-flow  theory  have  been  extreme¬ 
ly  useful  in  fluid  mechanics,  wakes  involve  simul¬ 
taneous  interaction  of  an  external  viscous  flow  and 
an  internal  viscous  flow,  making  the  usual  simplifying 
assumptions  inapplicable.  Furthermore,  the  case  of 
most  practical  interest,  the  turbulent  wake,  involves 
a  time-dependent  transport  mechanism  about  which 
very  little  is  known. 

In  order  to  solve  the  problems  of  aerodynamic  de¬ 
celeration,  in  which  a  secondary  body  (the  canopy) 
is  deployed  in  the  wake  of  a  moving  primary  body 
(the  suspended  load)  in  order  to  reduce  the  velocity 
»f  both  bodies  through  aerodynamic  drag,  knowledge 
of  the  general  physical  and  aerodynamic  characteris¬ 
tics  of  the  wake  region  becomes  very  necessary.  The 
turbulent  wake  of  primary  bodies  moving  through  a 
fluid  uffects  the  inflation  and  drag-producing  charac¬ 
teristics  of  the  trailing  or  secondary  body,  in  this 
case  the  aerodynamic  decelerator.  Since  it  is  the  ob¬ 
jective  of  good  decelerator-system  design  to  utilize 
the  most  efficient  system  for  the  retardation  of  ve¬ 
hicles  or  payloads,  the  characteristics  of  the  turbulent 
wake  of  the  particular  vehicle  or  payload  must  be 
known.  Although  an  una))tical  approach  to  determine 
the  pressure  and  velocity  distribution  in  the  primary- 
body  wake,  and  to  approximate  the  drag  reduction  of 
secondary  bodies  placed  in  a  primary-body  wake,  have 
been  developed  for  the  subsonic  free-stream  case, 
wake  characteristics,  secondary-body  drag-reduction, 
and  overall  primarv-secondary  body  systems  drag  must 
be  determined  ptimarilv  in  an  empirical  manner  at  the 
present  time.  The  following  discussion  presents  some 
analytical  and  empirical  considerations  of  wake  for 
subsonic,  transonic,  and  supersonic  free-streum  con¬ 
ditions. 

10.1  Subsonic  Flow 

10.1.1  THEOR ETICAI.  APPROACH  FOR  DETER¬ 
MINING  VELOCITY  AND  PRESSURE  DISTRIBUTION 
IN  W  \KF  OF  PRIMARY  BODIES  OF  REVOLUTION 
(Ref  (4-62)).  It  is  customary  to  present  the  turbulent 
wake  us  shown  in  b  ig.  4-120  and  4-121.  In  considering 
the  turbulent  wake,  it  is  necessary  to  distinguish  be¬ 
tween  t  wo  cases:  (Done  in  which  the  undisturbed  flow 
is  at  rest  and  the  body  moves  with  the  velocity  uQ, 
creating  in  its  wake  a  turbulent  flow  with  a  varying  ve¬ 
locity  ii  which  is  less  than  the  velocity  of  the  moving 
body  (b  ig.  4-1 10),  and  (2)  the  case  in  which  the  body 
is  at  rest  while  the  undisturbed  fluid  moves  with  the 
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velocity  u  ,  with  a  vurying  velocity  u'in  the  wake  of 
the  body  (Fig.  4-111),  Kxperience  shows  that  as  the 
distance  behind  the  primary  body  increases,  the  area  of 
the  disturbed  velocity  increases  while  the  difference 
between  the  free-stream  and  the  disturbed  velocity 
decreases. 

10.1.1.1  Simplified  Equation  of  Motion.  Assume 
that  a  body  of  revolution  is  immersed  in  a  fluid  that 
is  moving  with  velocity  u(),  while  the  body  is  held  at 
rest,  and  a  fixed  longitudinal  axis  is  arranged  which 
coincides  with  the  direction  of  the  undisturbed  flow 
(Kig.  4-110).  At  a  given  distance  x  behind  the  body, 
the  components  of  the  disturbed  velocity  in  the  x  and 
v  directions  are  a' -  uQ  -  a  and  e.  respectively.  As 
is  usual  in  boundary-layer  phenomena,  it  may  be  as¬ 
sumed  that  the  variation  of  the  velocity  perpendicular 
to  the  x-axis  is  large  compared  to  that  along  the 
x-axis,  and  that  the  pressure  gradient  parallel  to  the 
x-axis  may  be  neglected.  Under  these  circumstances, 
the  equation  of  continuity  and  the  approximate  dif¬ 
ferential  equation  of  motion  may  be  established  as 
follows  (Ref  (4-63): 


(4-157) 

(4-158) 


-2-  (vu)  +  ■—  (vr)  =  0 

dx  dy 


The  term 

(4-159)  p/2d“)2 

dy 


ing  distance.  Using  the  condition  of  continuity 
and  the  fact  that  the  aerodynumic  drug  of  the  body 
equals  the  loss  of  momentum  in  the  turbulent  wake, 

<W 

(4-160)  C„Su(~  -  2  np  (u~  +  una)  y  dy 


in  which  the  term 


(4-161) 


4r(:i)s%2 


U  the  conventional  presentation  of  the  aerodynamic 
drag  of  the  body.  Since  the  velocities  u  and  v  are 
small  compared  with  «  .  Kq  4-158  and  4-160  can  be 
written  as: 

0-1621  .ii.  \l2,  <^>21 

dx  y  dy  L  y  J 


«0 

(4-163)  CpS  ua2  *  2np £ uQ  u  y  dy 


In  cylindrical  coordinates,  Kq  4-163  is  written  as 

(4-164)  L  CpS  u  2  -  2np  f  u0urdr 
2  0J 

Replacing  the  term  for  apparent  stress  in  conventional 
manner,  (Ref  4-31) 


l2  4^-)  2  -  Kb  (u  -  “mjn)  ■ 

j  Y  max  min 


is  the  so-called  “apparent  stress"  or  “Reynolds 
stress”,  while  l  in  the  term  represents  the  mix- 


(4-165) 


du 

dy 


where  i  ii  u  empirical  constant  and  b  denote*  the 
width  of  the  mixing  /one. 

Withumjn-0  and  the  derivation  completed,  Eq  4-162 
may  be  written  in  cylindrical  coordinate*  r  and  x  a* 


(4.166) 


*  b  ii 


max 


(J-  — 

r  dr 


♦ 


(4-170) 


du 


d* 


1 

3  x  5/3 


(1  +Sn2)eSri2 


2  A  u  c  _2 

- °  Sr,eS,> 


10.1.1.2  Determination  of  Local  Velocity  in  the 
Wake.  Assuming  that  at  a  great  distance  from  the 
body  the  profile*  of  u  in  different  cross-section*  of 
the  turbulent  wake  are  similar,  and  using  the  method 
of  analysis  of  dimensions  and  power  laws  (Ref  (4-63), 
(4-31)),  one  obtains 

(4-167)  r-  r)xl/3  &-A'*,/3 


aad 

(4-171) 


<*« 


dr2 


2^uaS 

*4/3 


(1  +  2Sif2)e57 


2 


Substituting  these  expreseions  into  Eq  4-166  results 
in 


and  the  velocity  at  the  centerline 


(4-168) 


“max 


In  these  equations  i),  K,  and  A  are  coefficients  of 
proportionality.  The  solution  of  Eq  4-166  may  be 
assumed  to  be 

(4-169)  u  -  AU°  eSr>2 

*2/3 


in  which  S  needs  to  be  determined. 


(4-172)  (1  +Sq2)  (1  +6  a  KAS)  -0 


which  provides 
(4-173) 

and 

(4-174) 


1 


The  value  of  the  individual  terms  of  Eq  4-166  with 
the  assumption  under  Eq  4-166  amounts  to 


Eq  4-169  may  now  be  written  as 


Y 


Fig.  4-111  Velocity  Distribution  for  a  Rody  at  Rest  and  a  Moving  Fluid 


206 


(4-175) 


.2 


4u 

a 

.2/3 


«: 


, '  6  k  K  i 


♦  for*1) 


Hie  boundary  conditions  of  the  wake  are  u  -  0  for 
r  »  a>  and  u  »  um  for  r  »  0,  from  which  the  ronetuntu 
cun  be  evaluated  aa  f’j  «  1  and  '  0.  Therefore, 
the  disturbing  velocity  amounts  to 

•4  ua  _  T^-p-2 

(4.176)  .-55'  ^ 


The  velocity  relationship  presented  in  F.q  4-176 
contains  two  unknown  coefficients,  4  and  K.  For 
their  determination  only  the  drag  equation  4-164  is 
available  so  for.  The  second  condition  may  be  taken 
from  experimental  data  given  in  Ref  (4-64)  and  those 
shown  in  Fig.  4-112.  The  analytical  treatment  by 
Swain  (Ref  4-63)  can  be  nsed  to  derive  another  con¬ 
dition  for  the  determination  of  4  and  K  for  the  purpose 
of  comparing  the  validity  of  the  entire  treatment. 

To  make  use  of  the  experimental  data,  F-q  4-176 
may  be  transformed  into  the  form 

K  (rO2 

(4-177)  _1_  ,  ~  777 

“max  " 


with  the  notation 


(4-181)  .  3  A2Kk 

An 

Substituting  the  previously  obtained  value  for  K  into 
this  equation  gives 

(4-182)  CpS  -  (12*)  (24.48  A  3  *2) 

CryS  1/3 

or  A  -  0.103  (-£-) 

From  Eq  4-179  and  4-182, 

(4-183)  K  -  2.52  (CpS  n)^3 


For  the  velocity  distribution,  Swain  (Ref  (4-63))  de¬ 
rived 

<4-184)  — —  -  (  f  3/2  _  i)2 

max 

in  which  (  -  r/rQ  -  r/b,  ra  being  the  value  of  r  at  the 
edge  of  the  wake. 

The  velocity  ratio  of  the  particular  point  at  which 
“  ”  “max/2  may  now  be  considered,  and  the  related 
coordinate  called  f  •  (m. 

This  coordinate  can  be  determined  numerically  from 
the  relationship 


(4-178) 


Kx'/ 3 


Experiments  show  that  the  ratio  of  »/»mM  varies 
very  little  in  the  vicinity  of  the  centerline,  which 
particularly  qualifies  this  region  for  numerical  evalua¬ 
tion.  13108,  the  velocity  ratio  at  a  point  with  r'»  0.1 
is  chosen,  which  amounts  to  approximately  n/u  - 
0.96  (Ref  (4-64)  and  Mg.  4-112).  Therefore, 


(4-179) 


which  provides 


0.96 


0.01  K 
6  *4 


K  -24.48  4* 


(4-185)  i 

which  provides 

(4-186) 


2 


f  -  0.293^3 


-1 V 


In  the  some  manner,  Eq  4-177  can  be  transformed  by 

means  of  r  on  the  coordinate  at  which  n  -  u_„/2; 
m  m  ax 


Kr. 


(4-187) 


From  tbie 


max 


e 

R)U 


6*4 


Expressing  the  drag  momentum  Eq  4-164  in  terms  of 
the  velocity  as  presented  in  Eq  4-177, 


(4-180)  Sl>LmAK2 

4* 


irT 


6*4  r'  it' 


which  after  integration  becomes 


(4-188)  r  -  (4.158  il)l/2 

m  K 

If  it  is  assumed  that  both  systems  are  correct,  the 
values  of  and  rm  must  be  equal.  Consequently, 

(4-189)  (4.158-ii)1/2  -  (0.293)2/3 

K 
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R  -  2.S  D 


From  which  it  follows  that  A  -  0.0468  Kx.  Substitu¬ 
ting  I  into  Kq  4-181  provides 

(4-190)  CnS  -  12it(0.0468)2K3  k 

where 

(4-191)  K  -  2.3  (CpSx)  1/3 

and 

d  -0.107  (C0S/«2)1/3 


lated  data  derived  from  Swain’s  equation  (Ref  (4-63)) 
presented  above  agree  very  well.  In  view  of  the  fact 
that  the  results  from  the  experimental  data  as  well  as 
the  ones  derived  from  Swain’s  equation  include  cer¬ 
tain  assumptions,  it  appears  to  be  justifiable  to  es¬ 
tablish  average  values  for  A  and  K  based  on  the  two 
independent  methods: 


(4-192)  A  -  0.105  (CpS/W3 

K  -2.41  (CnS  «)1/3 

These  values  shall  be  used  in  the  further  treatment 
of  the  wake  problem. 

The  velocity  equation  Eq  4-176  presented,  with 
>7  -  ri xl  *  and  with  expresaions  for  A  and  K  derived 
above,  may  now  be  written  in  the  following  form: 


(4-193)  (CpS/ *2)  1/3 

uO  X  *,t  ** 

r  2 


e  1.525  (C/)S**)2/3 


The  values  of  A  and  K  which  were  obtained  from  ex¬ 
perimental  data  (see  Eq  4-182  and  4-183,  and  the  re¬ 
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Eq  4-184  and  4-193  represent  the  local  velocity  in  the 
turbulent  wake.  Judging  from  their  structure,  Eq  4-193 
might  offer  an  easier  numerical  process  for  solution. 


nnd  will  be  considered  further.  'I*he  firat  point  ia  a 
comparison  of  the  predictions  of  available  theoretical 
methoda  with  experimental  reaulta.  For  thia  purpoae, 
the  predictiona  reprearnted  by  Fq  4-193  may  be  com¬ 
pared  with  thoae  given  by  Swain'a  equation  F.q  4-184, 
Goldstein's  reaulta  obtuined  by  meana  of  "modified 
vorticity  theory"  (Kef  (4-65)),  and  the  mean  experi¬ 
mental  reaulta  obtained  by  Hall  and  llialop (lief  (4-64)). 
For  a  convenient  compariaon,  the  quantity  r  or  £n 
may  be  introduced  an  defined  before,  und,  from  Fq 
4-184  and  4-193 


(4-194) 


(4-197) 


iT 

- 1  - 


o.i  or> 
<*  M2'3 


1/3 


0.415  (r*)2 

"  ~  fx/np-'3  iCi,wK)2/3 


X 


10.1.1.3  Determination  of  Pressure  Distribution  in 
the  Wake.  In  the  calculation  of  the  preaaure  din- 
tribution  in  the  wake  behind  a  primary  body,  for  in- 
compreaaible  flow 

(4-198)  A/*0  -l\ol-l,So  -Y“2o 


and 

(4-195) 


-  0.693  (-H2 
e  rm 


and 

(4-199)  A /*-/»,-/'  --(«')  2 

t  s  2 


Fq  4-194  und  4-195  repreaent  the  velocity  ratio  aa 
functiona  of  r,  r  «  ( ■'(m  *  /..  The  name  proceaa  can 
also  be  applied  to  Goldstein's  findings  (lief  (4-65)) 
and  to  the  experimental  reaulta  of  Hall  and  llialop 
(lief  (4-64)).  The  reaulta  of  thia  proceaa  are  illua- 
in  Fig.  4-113;  it  can  be  aeen  that  Fq  4-195  agreen  bet¬ 
ter  with  the  experimental  valuea  in  the  central  portion, 
while  Fq  4-194  ia  a  better  approximation  in  the  outer 
portion  of  the  wake. 

In  practical  caaea,  the  drag  coefficient,  Cp,  ia 
uaually  known,  and  the  related  area  ia  generally  given 
by  S  -  170^/4,  where  D  ia  the  diameter  of  the  body  of 
revolution.  In  auch  a  cuae,  it  ia  convenient  to  preaent 
Fq  4-193  in  terma  of  Cp  and  D: 


(4-196)  JL 
u 


0.105  ^Cnn  1/3 
(x/0)2/3  4* 


C 


0.415  (r*)2 
(*//»2/3  (Cp  !7«)2/3 


where  r*  -  2  r/0. 


Thua,  the  velocity  in  the  wake  of  the  body  of  re¬ 
volution  which  movea  with  a  velocity  uQ  through  the 
fluid  is  given  by  F.q  4-196.  If  the  fluid  moves  with  the 
velocity  ug  past  the  fixed  body,  the  velocity  of  the 
fluid  in  the  wake  u'  equals  u’ «  uQ  -  u  and  the  ratio 
u'/uQ  may  be  expressed  by  means  of  F.q  4-196  as; 


where 


>‘s 


Total  free-atream  preaaure; 
Free-streain  static  pressure; 
Total  wake  pressure;  and 
Static  pressure  in  the  wake. 


Thus, 


(4-200) 


p.  -  rm  a p  u’ 2 

— i - £-  * - -  (_) 

Ptei  -  P,o  \P0  % 


or  by  substituting  from  Fq  4-197 


(4-201) 


°-105  Cn  it  1  '3"1 

,,i»»,fr)  J  > 


0.415  (r*)2 
(x  P)2  3(Cp  rr«)2  3 


10.1.1.4  Parameter  k.  F.q  4-196,  4-197,  and  4-201 
are  expressions  for  the  pressure  and  velocity  distri¬ 
bution  in  the  wake  of  the  primary  body;  they  contain 
the  empirical  parameter  k,  which  must  be  known  for 
their  solution.  In  order  to  evaluate  the  parameter  k, 
wind-tunnel  tests  were  conducted  to  obtain  presaure- 
distrikution  measurements  at  various  distances  in  the 
wake  of  a  cylindrical  body  with  an  ogive  nose  and  a 
blunt  tail  at  Mach  number  0.2  (Ref  (4-66)).  The  results 
are  presented  in  Fig.  4-112.  By  utilizing  Eq  4-201 
and,  for  convenience,  considering  A P /  A P 0  points  on 
the  longitudinal  axis  where  r*  *■  0, 
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A‘i>.  4-113  Velocity  Distribution  in  Accordance  with  Analytical  and  Experimental  Studies 


(4-202) 


A/* 

r  0.105 

C„m  1/3T2 

^7" 

(-V  J 

4*z  J 

Using  ike  free-ntream  drag  coefficient  for  the  primary 
body  of  Cp  -  0.35, nod  utilizing  the  experimental  data 
given  in  Fig.  4-112,  a  value  of  «c  corresponding  to  each 
value  of  x/D  can  be  determined.  The  reaulta  of  this 
calculation  are  prcaeated  in  Fig.  4-114.  It  can  be  seen 
that  the  value  of  a  is  not  the  same  at  every  value  of 
x/D,  but  does  tend  to  level  off  at  a  value  of  0.055  as 
x/D  increases.  Because  the  theory  is  based  upon  the 
assumption  that  a  in  a  constant,  the  experimental  re¬ 
sults  should  be  compared  with  those  predicted  by  the 
theory.  This  may  be  done  by  calculating  the  theoreti¬ 
cal  pressure-distribution  at  each  x/D  value  by  substi¬ 
tuting  an  average  value  of  a  in  Eq  4-202,  The  average 
value  of  a  from  Fig.  4-114  is  a  •  0.063,  which  corres¬ 
ponds  to  t\P / \P a  at  x/D  «  8. 

It  can  be  seen  from  Fig.  4-115  that  the  pressure  dis¬ 
tribution  which  was  calculated  is  in  good  agreement 
with  the  theoretical  curves,  except  at  the  x/D  stations 
near  the  primary  body.  This  discrepancy  can  be  ex¬ 
plained  by  the  fact  that  pressure  equilibrium  has  not 
been  reached  in  the  wake  near  the  primary  body.  It 
appears  that  the  accuracy  of  a  constant  k  depends 
on  how  rapidly  pressure  equilibrium  is  obtained  in  the 
wake;  this  wonld  make  a  a  function  of  the  primary- 
body  shape.  In  order  to  validate  this  conclusion,  tests 
were  conducted  tRef  (4-67))  to  obtain  a  values  for 
bodies  of  various  ahapea.  Fig.  4-116  shown  the  geo¬ 
metrical  dimensions  of  the  bodiea  of  revolution  tested. 


The  results  of  these  tests  are  shown  in  Fig.  4-117. 
For  a  certain  class  of  bodies  in  the  low  drag-coeffi¬ 
cient  range,  the  value  of  a  remains  essentially  con¬ 
stant  throughout  the  entire  range  of  x/D  values.  On 
the  other  hand,  those  bodies  in  a  higher  Cp  range  pro¬ 
duce  a  values  which  are  not  constant  until  x/D  values 
of  10  are  reached.  It  is  the  goal  of  further  research 
work  to  arrive  at  a  parameter,  such  as  either  primary 
body  shape  or  Cp,  which  would  provide  a  relationship 
of  a  to  x/D  for  bodies  of  revolution. 

10.1.2  DRAG  RKDUCTION  ON  A  SECONDARY 
BODY  DUE  TO  WAKE  OF  A  PRIMARY  BODY.  Ac¬ 
cording  to  classical  hydrodynamic  theory,  it  can  be 
shown  that,  for  axially  symmetric  primary  and  secon¬ 
dary  bodies  disposed  along  the  same  axis,  the  pres¬ 
sure  on  the  secondary  body  depends  on  the  flow  char¬ 
acteristic  along  the  line  of  symmetry  only,  provided 
that  the  wake  velocity  profile  is  assumed  to  be  axially 
symmetric.  This  theory  however,  is  limited  by  the 
assumptions  of  classical  hydrodynamic  theory  which 
do  not  account  for  drag  (d’  Alembert’s  Paradox).  How¬ 
ever,  since  the  drag  is  influenced  largely  by  the  pres¬ 
sure  distribution  on  the  first  part  of  the  body,  it  may 
be  assumed  that  for  the  case  where  the  primary  and 
secondary  bodies  are  fixed  and  the  air  moves  past  them 

2 

(4-203)  — —  «  ( - )  -  0 

r 

That  is  the  ratio  of  the  drag  in  the  wake  to  the  free- 
stream  drag  is  proportional  to  the  square  of  the  velo- 
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city  ratio,  where  u'  ia  the  reduced  centerline  wulce 
velocity  and  the  upatreain  undiaturbed  velocity. 
Thus  the  dng  coefficient  of  the  body  in  the  wake  can 
be  expressed  by 


u'  2 

(4-204)  -  Cn  (—) 

“  r-0 

l!se  of  this  assumption  however  gives  drag  coeffi¬ 
cients  consistently  too  low  for  all  L/D j  and  D\/l)2 
ratios,  as  shown  in  Fig.  4-118.  Attempts  st  arriving 
a*  an  empirical  equation  which  would  give  Cp  values 
in  good  sgreement  with  experimental  data  have  result¬ 
ed  in  the  relation 

(4-205)  Cry  -  Cry  (— ) 

*•  Um  r  m  0 

which  gives  reasonable  agreement  over  a  wide  range 
of  L/Dy  and  Dy/D ^  ratios  as  shown  in  Fig.  4-119. 
The  variations  are  peateat  at  low  L/Dy  values,  i.e., 
close  to  the  primary  body.  For  L/Dy  values  between 
2  and  15,  the  maximum  variation  between  the  experi¬ 
mental  results  sad  the  empirical  formula  ia  about  20 
per  cent  for  a  ratio  of  primary  to  secondary  body-dia¬ 
meter  of  1:3  and  L/Dy  ■  2.  The  variations  are  appre¬ 
ciably  lean  for  larger  L/Dy  ratios.  This  simple  for¬ 
mula  (Eq  4-205)  does  aot  take  into  consideration  the 
size  of  the  secondary  bodies  relative  to  the  size  of 
the  primary  one;  therefore,  the  formula  gives  results 


Fig.  4-114  k  vs  s/D  as  Determined  From  Experimental  Data 


that  are  aatiafactory  for  DyiDt^  "  1/2  and  1/3,  but 
numerical  values  are  somewhat  high  lor  Dy/D2  m  1  • 
The  expression 


(4-206) 


C 


D 


1.32 
r  -0 


predicts  the  drag  variation  for  the  1 :  1-ratio  bodies 
more  accurately. 

In  order  to  express  Eq  4-205  as  a  function  of  L/D j, 
tbe  expression  for  the  velocity  ratio  as  shown  by 
Eq  4-193  is  used.  Substituting  Eq  4-197  into  Eq  4-206 
gives 


(4-207) 


0.105  /Cn"\  1/3 

(*/f»2/3  \—2)  * 


0.415  (r*) 2 

e  ~  (*/0)2/3  (C„  ir*)2/3 


Since  only  the  flow  characteristics  along  the  wake 
centerline  are  of  interest,  r *  ■  0.  Therefore, 


(4-208) 


£r  .[i. 

c„  L 


0.105 


(*/f» 


2/3 


(%Ti 


This  equation  expresses  the  drag  coefficient  of  a 
secondary  body  in  the  wake  of  a  primary  body  in  terms 
which  can  be  determined  empirically  by  means  of 
available  data.  It  should  be  remembered,  however,  that 
the  expression  may  not  give  results  comparable  to 
experimental  data  if  the  drag  coefficient  of  the  secon¬ 
dary  body  being  investigated  is  known  to  vary  near 
the  Reynolds  number  of  the  particular  operation  of  the 
primary-body  decelerator  system. 

10.2  Transonic  and  Supnrsonic  Walt* 

10.2.1  WAKE  BEHIND  BODIES  OF  REVOLUTION. 

The  airflow  around  the  base  and  in  the  wake  of  a  body 
of  revolution  is  illustrated  in  Fig.  4-120.  At  some 
distance  aft  of  the  base  of  the  body,  the  cross-sec¬ 
tional  area  of  the  wake  “necks  down”  so  that  a  shape 
is  formed  that  is  approximately  conical.  The  height 
of  this  cone  appears  to  vary  with  Mach  number,  but 
is  of  the  order  of  magnitude  of  the  body-base  diameter. 
In  general,  it  can  be  said  that  the  supersonic  wake  is 
determined  by  this  “critical  region”  where  the  stream¬ 
lines  from  the  sides  of  the  body  converge  (Ref  (4-68)). 
The  angle  at  which  the  streamlines  converge  is  de¬ 
termined  by  a  shock-wave  boundary- layer  type  of 
interaction.  In  this  interaction  the  streamlines  assume 
the  maximum  expansion  angle  for  which  the  boundary 
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Fig.  4-1 15  Data  for  a  Body  of  Revolution  (Based  on  n  *■  0.0633  Related  to  at  x/D  ■*  8) 

circulation  velocity  is  very  small.  Behind  a  three- 
dimensional  body  of  revolution,  however,  the  recom- 
pression  no  longer  takes  place  according  to  a  simple 
function  such  as  the  Prandtl-Meyer  expansion  for  two- 
dimensional  flow.  The  boundaries  of  the  dead-air 
region  are  thus  no  longer  at  constant  pressure.  A 
positive  pressure-gradient  exists  in  thin  region,  allow¬ 
ing  a  subsonic  reverse-flow  jet  for  subsonic  portions 
of  the  boundury-layer  flow.  Since  only  part  of  the 
boundary-layer  flow  is  subsonic  and  the  recompres- 
( For  hig.  4-1 15)  sion  pressure-coefficients  appear  to  decrease  with 

increasing  Mach  number  (lief  (4-69)),  it  is  suspected 
lavrr  flow  has  sufficient  energy  to  negotiate  the  pres-  that  the  effect  of  the  reverse  flow  will  diminish  with 

sure  rise  that  results  from  the  recompression  at  the  increasing  Mach  number.  Indications  of  substantial 

convergence  point.  reverse-flow  in  the  wake  of  a  three-dimensional  body 

Immediately  behind  the  base  of  the  body,  and  bound-  have  been  shown  in  wind-tunnel  tests  (Hef  (4-70)). 

od  by  the  converging  streamlines,  there  is  a  region  The  prime  significance  of  these  experimental  data  is 

sometimes  characterized  us  the  still  or  “dead  air”  that  they  verify  the  existence  of  a  reverse  flow  at 

region.  There  are,  however,  definite  indications  of  |ow  supersonic  free-stream  velocities.  For  u  free- 

reverse-flow  conditions  in  this  so-called  “dead  air”  stream  Mach  number  of  1.2,  this  reverse-flow  region 

region  aft  of  the  body  base.  For  a  two-dimensional  extends  for  approximately  two  body-base  diameters 

case,  it  has  been  shown  experimentally  that  the  re-  „fl  0f  the  body  base. 


R  -  2.5  D 
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Behind  the  dead-air  region,  the  auperaonic  wake 
apreadain  a  manner  aimilarto  an  incompreaaible  wake, 
auch  that  the  width  iacreaaea  approximately  with  dia- 
tanceto  the  oae-thied  power.  Behind  the  neck  or  throat 
of  the  wake,  the  wake  core  appeara  to  maintain  an 
essentially  coaataat  width  except  for  occaaionai 
irregularities  dae  to  vorticea,  and  ia  generally  aimilar 
to  a  aubaoaic  wake.  The  primary  eoarce  of  airflow  in 
the  wake  coaaiata  of  boaadary-layer  air,  which  ex¬ 
pand  a  from  an  anaalaa  at  the  bane  of  the  body  to  fill 
the  throat  area.  The  main  atream  torn  a  through  the 
angle  a  at  the  viciaity  of  the  wake  throat,  with  re¬ 
sulting  compreaaioe  and  formation  of  the  trailing 
ahock.  Thin  abock  generally  appeara  to  form  at  an 
angle  nearly  eqaal  to  that  of  the  bow  ahock. 

10.2.2  SUPERSONIC  WAKE  PREDICTION.  A 
diacuaaion  of  the  wake  behiad  primary  bodiea  ia  super- 
sonic  free -atream  caa  be  divided  into  two  general 
regioae  of  internet:  (1)  the  region  of  recircelatioa, 
which  ia  the  region  between  the  bane  of  the  primary 
body  and  the  location  ia  the  wake  where  the  miaimem 
thickneaa  of  the  wake  core  occera  (thia  location  will 
be  referred  to  aa  the  wake -core  throat;  it  should  not 
be  confnaed  with  the  aonic-pniat  location  within  the 
wake,  which  ia  aboat  1.9  body-base  diameters  behind 
the  bane);  (2)  the  region  aft  of  the  wake-core  throat, 
commonly  called  the  “spreading  downstream  wake”. 

10.2.2.1  Recirculation  Region.  The  magnitude 
of  the  reverse-flow  sabaoaic  jet  between  the  heee  of 
the  primary  body  and  the  wake-core  throat  ia  largely 
a  function  of  the  recompreasioa  pressure;  hence,  the 
determination  of  thia  quantity  is  of  major  importance. 
Rased  upon  the  rather  limited  data  available  (Ref 
(4-62),  (4-69),  and  (4-70)),  it  is  reasonable  to  assume 
for  calculation  purposes  that  the  wake-core  throat 
location  ia  between  1.70  and  1.75  calibers  aft  of  the 
primary-body  base,  and  that  the  maximum  recompres¬ 
sion  pressure  occurs  0.25  caliber  aft  of  thin  wake- 
core  throat  and  is  independent  of  Mach  number.  The 
value  of  the  maximum  recompreaaion  pressure-coeffi¬ 
cient  as  a  function  of  Mach  number  has  keen  obtained 
by  fitting  an  exponential  equation  to  experimentally 
obtained  presaore-coefficient  data.  The  equation 

r  l 

|_(lf  +0.35)*-4*  J 

'  max 

where  M  -  Free-strewn  Mach  number. 

To  obtain  a  representation  of  the  variation  of  static 
pressure  with  distance  aft  of  the  primary-body  base  to 
the  wake-core  throat,  as  a  function  of  longitudinal 
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distance  and  Mach  number,  the  following  general  equa¬ 
tion  may  be  used: 


(4-210) 


where  *°  -  (— 

d  V" 

J  «  Distance  in  calibers  aft  of  the  base  of 
the  body;  and 

^static  “  ^*at'c  Pna*aK  coefficient  « 

V.-'J/*-. 


To  solve  for  the  four  unknowns,  four  equations  are 
needed,  using  the  following  information: 

(1)  The  value  of  the  base  pressure;  i.e.,  the  pres¬ 
sure  at  %/d  -  0  (yields  the  ratio  of  A/D); 
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(2)  The  location  of  zero  pressure-coefficient  (yields 
D  -  A  +  constant); 

(3)  Hie  location  of  maximum  recompression  pres¬ 
sure-coefficient  (yielda  R  as  a  function  of  C  by  equa¬ 
ting  dCpBlal -c/  S(x0/d)  to  zero);  and 

(4)  The  location  and  value  of  the  maximum  recom¬ 
pression  pressure-coefficient  (yields  (  a>  a  function 
of  R,  C,  and  D). 

Using  the  value  of  the  maximum  recompression  coef¬ 
ficient  given  by  F.q  4-209  and  its  location  of  0.25 
caliber  aft  of  the  wake-core  throat,  only  (1)  and  (2) 
need  be  measured  to  determine  uniquely  the  four  con¬ 
stants  A,  R,  C,  and  0. 

10.2.2.2  The  Spreading  Downstream  I Vake.  For 
practical  purposes  only  the  turbulent  downstream  wake- 
core  needbe  considered,  since  the  downstream  laminar 
wake  core  becomes  unsteady  or  turbulent  at  very  low 
Reynolds  numbers.  Solution  of  the  momentum  equation 
for  distances  far  from  the  body  (where  the  velocity 
defect  is  small  compared  with  the  free-stream  velo¬ 


city.'  results  ill  asymptotic  velocity  profiles,  all  simi¬ 
lar  to  a  simple  “universal"  velocity  profile.  Further, 
dimensional  analysis  specifies  the  following  condi¬ 
tions  for  velocity  and  wake-core  width; 

‘'max  "  ‘'centerline 
(4-211)  ‘'centerline  *  x'^ 


where  S  *=  2/3,  for  three-dimensional  axisymmetric 
flow; 

V  •1/2,  for  two-dimensional  flow; 

t*  •  Velocity  defect  in  the  wake; 

x  •  Coordinate  in  the  free-stream  direction 
(origin  is  at  point  at  which  separation  be¬ 
gins);  and 


n0  •  Wake  width 


Using  Prandtl’s  mixing-length  theory  for  turbulent 
momentum  transfer  and  assuming  the  mixing  length  to 
be  constant  across  the  width  of  the  wake  core  and 
proportional  to  the  width,  the  following  expression  for 
velocity  (defect)  distribution  results: 

««>»  r.-ljL>3/Y 

max  L  n0  J 

This  is  a  rather  good  approximation  for  the  wake- 
velocity  profile,  and  may  be  readily  integrated  to  give 
the  average  velocity  defect  in  the  axisymmetric  case, 
letting  (i  -  n  n^. 


To  describe  the  properties  of  the  wake  core  down¬ 
stream  of  the  wake-core  throat,  an  equation  describing 
the  average  velocity  must  be  obtained  by  fitting  it  to 
empirical  data  such  as  those  obtained  by  Chapman 
(Ref  (4-71)).  The  generally  accepted  equation  is: 


(4-214) 


vw 

t’oc 


tV  av\ 
1  ""  C  -684  (t'max) 

'(3)-  m 
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'Hip  uveragc  wake-core  Much  number,  density,  and 
dynamic  pressure  within  the  wuke  tun  then  be  obtained 
immediately: 


where  \j  t/  -  t /  ~  (0,684)'^ 

!•  »  Avrruge  velocity  in  the  wake  us  de¬ 

termined  by  the  vulue  of  p  chosen; 

!■  r  -  Nondimensionul  velofilv-ilefert 
ratio  dependent  on  value  of  p 

t  «  Axial  distance  from  vehicle  base; 

-  Kuke-thrnut  distance  from  vehicle  base;  (4.217) 
and 

d  -  Diameter  of  primary  body. 


After  the  average  velocity  in  the  wake  core  is  ob¬ 
tained  uu  a  function  of  diatonce.  the  average  wake 
static  temperature  may  be  found  by  assuming  con¬ 
stant  enthalpy  and  free-stream  static  pressure  to  exist 
aft  of  the  throat: 

(4-215,  Ip i  CjLf 

'»  2  2  “ 

where  F  ce  "  Average  static  temperature  within 
the  wake; 

T  ■  Free-stream  static  temperature: 

Y  *  Matio  of  specific  heats  ( 1 .4  for  air); 

W  ■  Free-stream  Mach  number; 

OB 

i'w  •  Average  wake  velocity;  and 

t>  «  Free-stream  velocity. 


<«IB>  'fwake 

10.2.3  1)11  Afi  HFIHICTION  OF  SKCONDARY  HOD- 
IKS  IN  HIF.  WAKF.  OF  PRIMARY  IJOHIKS.  A  body 
moving  through  the  air.  or  with  air  flowing  past  it, 
generates  a  region  of  low-energy  flow  behind  it,  i.e., 
a  totul  pressure  less  than  that  of  free  stream.  It  would 
then  he  expected  that  u  body  placed  in  this  lower-energy 
flow  field  will  produce  less  drag  than  it  would  if  placed 
in  the  higher-energy  free  stream.  Fxperimental  inves¬ 
tigations  have  been  conducted  to  validate  this  predic¬ 
tion  (Hef  (4-67)).  During  these  investigations,  the 
stagnation  pressure  and  drag  coefficients  of  various 
uerodynamic  decelerator  shapes  were  determined  in 
free  stream  and  behind  two  different  primary-body 
shupes,  an  ogive  cylinder  with  blunt  end  and  a  skirted 
hemisphere-cylindrical  body.  The  primary-body  shapes 


0  2  4  t  I  10  12  14  16  18 


Fig.  4-llHc  Wake  Drag  Coefficient  Ratio 
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and  associated  flow  fields  are  ahown  in  Fig.  4-121. 
In  general,  the  reaultn  of  thin  inventigation  sub- 
atantiatr  the  trend  previously  predicted. 

Kxamplrn  of  the  magnitude  of  stagnation  pressure- 
coefficient  reduction  are  indicated  in  Fig.  4-122  and 
4-123.  It  is  seen  that  for  a  flat  plate  placed  close 
behind  a  cylinder,  the  reduction  in  stagnation  pressure- 
coefficient  is  as  much  as  90  per  cent.  However,  as 
the  secondary  body  is  moved  further  down  stream 
where  the  energy  of  the  flow  increases,  the  stagnation 
pressure-coefficient  increases  and  approaches  the 
free-stream  value.  Similarly,  Fig.  4-124  shows  the 
reduction  of  the  drag  coefficient  of  a  flat  plate  in  the 
wake  of  an  ogive  cylinder.  Again,  it  can  be  seen  that 
as  the  body  is  placed  further  away  from  the  primary 
body,  the  drag  coefficient  approaches  its  free-stream 
value.  It  can  also  be  noted  that  for  both  the  pressure 
and  drag-coefficients,  the  larger  the  secondary-body 
diameter,  the  less  pronounced  is  the  effect  of  the 
wake  on  the  secondary  body.  The  effects  shown  are 
characteristic  of  the  general  trend  of  these  coefficients 
on  a  body  of  any  shape  in  the  wake  of  a  primary  body 


of  any  shape. 

10.2.4  SYS'IEM  1)11  AC.  The  presence  of  a  sec¬ 
ondary  body  in  the  wake  field  of  a  primary  body  im¬ 
mersed  in  a  supersonic  free-stream  affects  the  pressure 
distribution  at  the  base  of  the  primary  body.  Iliis 
phenomenon  ia  due  to  the  pressure  recovery  asso¬ 
ciated  with  the  flow-velocity  decrease  in  the  area  of 
the  secondary  body.  Since  the  boundary  of  the  wake 
is  not  rigid  in  this  aren,  the  pressure  inside  the  wake 
rises  to  a  value  equal  to  the  external  pressure  in 
orderto  alleviate  any  pressure  gradients  perpendicular 
to  the  flow  direction,  as  illustrated  in  Fig.  4-125.  This, 
then,  establishes  a  pressure  gradient  in  the  longitudi- 
nul  direction  in  the  subsonic  portions  of  the  wake 
core  which  causes  a  pressure  and  velocity  feedback 
through  thin  portion  of  the  wake.  The  greater  pressure 
and  the  direction  of  this  velocity  impart  a  total  pres¬ 
sure  that  significantly  increase  the  base  pressure. 
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STAGNATION  PRESSURE  C 


SEPARATED  REGION 


Fig.  4-121 


Sketch  of  Flow  Patterns  Around  P rimary  Itodies  Alone  at 


Supersonic  Speeds 
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drag  coefficient  c 


I' i|5.  l-l'iti  anil  I- 1 JT  arr  representative  !<■  r«t  results 
slummy  the  varialimi  in  base  pressure -roe ffii  ients 
for  variuUH  primary -se  eonilurv  lmily  rnuihinulion*. 
Ulef  l  1-67)).  These  test  results  elrurly  militate  the 
rvperteil  base-pressure  rises  with  tlet  reusing  ilistum  r 
betyyeen  I  lie  st-ioinlurv  lmily  ami  tin-  primary  lmily .  In 
ailililiim ,  I  in-  lest  results  also  imliiatr  that  tin*  larger 
tin'  iliumeter  of  the  se  eonilurv  lmily  is  in  relation  to 
that  of  the  primary  hotly,  the  (treater  the  primary -lmily 
bane  pressure  rise.  Therefore,  the  ilistanee  at  yyhieh 
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BASE  PRESSURE  COEFFICIENT  C 


an  aerodynamic  deceleralor  in  positioned  behind  the 
primary-body  bane  becomes  an  important  parameter 
for  the  development  of  overall  payload-derelerator 
system  drag.  This  is  illustrated  by  the  example  in 
which  a  45-deg  half-angle  cone  is  positioned  in  the 
wake  of  a  cylinder  with  ogive  nose  and  blunt  end,  und 
its  total  drag-coefficient  determined  throughout  the 
transonic  speed  regime.  The  projected  diameter,  D^. 
of  the  cone-shaped  secondary  body  is  twice  the  dia¬ 
meter.  /),  of  the  primary  body.  Drag  coefficients  versus 
Mach  number  for  the  secondary  body  when  it  is  posi¬ 
tioned  along  the  centerline  1.5  and  3.2  primary-body 


MACH  NO.M^ 

Fig-  4-128  Drag  Coefficient  vs  Mach  No. 


TOTAL  SYSTEM  DRAG  COEFFICIENT 


FREE  STREAM  MACH  NO.  M^ 

Fie.  >- 1  ")  ('Dl  vs  If^  for  a  Hollow  Hemisphere  in  the 
!  ake  of  n  S 'kitted  Hemisphere 

diameters,  respectively,  behind  the  buse  of  the  |>ri- 
murv  body,  are  shown  in  Fig.  4-128.  The  solid  curve 
in  thin  plot  represents  the  drug  coefficient  of  the 
45-deg  half-angle  cone  ns  n  single  body.  The  fuct  that 
the  values  for  the  drag  coefficient  of  the  cone  posi¬ 
tioned  ut  a  distance  of  1.5  primary-body  diameters 
behind  the  base  of  the  prinmry  body  are  almost  every¬ 
where  higher  than  the  frcc-streum  values  for  the  cone 
appears,  at  first  thought,  to  indicate  that  bv  placing 
an  aerodynamic  deceleration  device  in  this  position, 
increased  total-drag  effectiveness  may  be  obtuined. 
This,  however,  is  not  the  case  if  one  considers  the 
combined  vehide-decelcralor  system.  Although  the 
drag  coefficient  of  the  secondary  body  in  the  wake  of 
the  primary  body  at  this  distance  is  higher  than  its 
free-stream  value,  the  drug  of  the  primary  body  is  con¬ 
siderably  reduced  by  an  increased  buse-pressure  due 
to  interference  effects  by  the  secondary  body.  There¬ 
fore.  it  is  the  interaction  of  the  two  bodies  which  muot 
be  considered  in  the  determination  of  the  overall- 
system  drag. 

Two  effects,  then,  combine  to  produce  an  overall- 
system  drag  or  combined  drag  of  the  primary-  and 
secondary -body  combination:  (1)  the  base-pressure  rise 


of  the  primary  body  caused  by  the  secondary  body 
positioned  in  its  wake,  and  (2)  the  drag  reduction  of 
the  secondary  body  dur  to  its  locution  in  n  lower-energy 
flow  field.  This  combined  drug,  in  transonic  and  super¬ 
sonic  free-stream,  is  less  than  the  sum  of  the  indivi¬ 
dual  body-drag  values.  The  order  of  magnitude  of  this 
drug  reduction  is  illustrated  in  Fig.  4-124. 

In  general,  it  cun  be  said  that  in  order  to  nmintuin 
or  even  guin  overall  drag  efficiency,  an  augmenting 
drug-device  must  be  pluced  at  a  considerable  distance 
downstream  from  the  primary  body.  For  supersonic 
applications,  this  distance  is  in  the  order  of  8  to  10 
primary-body  diameters. 


SEC.  11  PARACHUTE  STABILITY 

An  analysis  of  the.  stability  of  a  freely  moving  body 
usually  requires  the  consideration  of  two  different 
categories: 

(1)  Static  stability:  the  tendency  of  a  moving  body 
to  develop  steady-slate  restoring  moments  when 
disturbed  from  o  position  of  equilibrium. 

(2)  Dynamic  stability:  the  tendency  of  a  moving 
body  to  develop  moments  that  act  to  damp  motion. 

Any  given  force  system  has  either  none,  or  one  or 
more  positions  of  equilibrium.  Whether  or  not  the  sys¬ 
tem  is  statically  stable  at  any  one  of  these  positions 
of  equilibrium,  however,  depends  upon  the  change  in 
moment  with  angle  of  attack  about  the  position  of 
equilibrium;  the  degree  of  static  stability  depends 
upon  the  slope  of  the  moment  curve. 

Moving  under  the  influence  of  only  drag,  inertia, 
und  gravitational  forces,  the  combination  of  a  weight 
and  a  canopy  may  be  compared  with  a  body  traveling 
along  a  ballistic  trajectory;  i.e.,  without  the  influence 
of  lifting  forces.  Consideration  of  the  objectives  of 
parachute  drops  indicates  that  an  ideal  canopy  movrs 
like  a  ballistic  missile;  because  of  this  similarity, 
the  methods  and  force  system  used  in  ballistics  have 
been  adopted  for  consideration  of  parachute  performance. 

In  ballistics,  it  is  customary  to  define  a  moment 
which  tends  to  reduce  any  deflection  from  zero  angle 
of  attack  as  positive  stability.  Such  a  moment  is  also 
called  stabilizing  moment.  Although  a  given  canopy 
may  have  more  than  one  position  of  static  equilibrium, 
the  only  position  of  real  interest  in  considering  para¬ 
chute  or  parachute-load  system  stability,  is  that  about 
a  zero-degree  angle  of  attack  (keeping  in  mind  the 
objectives  of  parachute  applications).  Then,  by  simil¬ 
arity  with  the  field  of  ballistics,  a  parachute  canopy 
is  statically  stable  about  this  position  of  equilibrium, 
if,  for  a  positive  chunge  in  angle  of  nttack  from  such 
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n  position  of  equilibrium,  the  chunge  in  moment  in 
negative;  i.e.,  wlien  d('m/da<0'  ,m,n,en, 

cient,  ('m,  in  defined  oh  positive  in  the  clockwise 
direction  about  the  point  of  reference  (moment  center). 

A  canopy  in  dynamically  stable  if  oacillutionH 
caused  by  the  stabilizing  moment  are  rapidly  damped 
out.  If  the  oscillations  caused  by  the  stabilizing 
moment  iend  to  increase  in  amplitude  with  time,  the 
canopy  is  dynamically  unstable.  For  a  canopy,  static- 
stability  is  a  prerequisite  for  dynamic  stability,  but 
static  stability  alone  does  not  assure  dynamic  stability. 

11.1  Static  Stability.  The  force  system  used  for 
stutic-stability  considerations  is  shown  in  big.  4-130. 
The  coefficients  of  normal  or  side  force,  of  tangential 
force,  and  of  moment  force  are  the  aerodynamic  coeffi¬ 
cients  of  a  canopy.  Individually  and  collectively, 
these  aerodynamic  coefficients  describe  to  some  extent 


Fig.  4-130  Parachute  Coordinate  System 


the  aerodynamic  and  performance  characteristics  of  a 
particular  ty|ie  of  canopy,  such  us; 

(1)  The  static  stability,  detennined  from  the  sign 
of  the  <l('m  'da  curve; 

(2)  The  degree  of  static  stability,  determined  from 
the  slope  of  the  moment  curve; 

(3)  The  glide  ungle,  which  is  the  angle  at  which 
the  normal-  or  side-force  coefficient  is  0; 

(■♦)  The  drag-producing  capability,  which  is  related 
to  the  tangential-force  coefficient  at  specific- 
angles  of  attack  (drag  coefficient  at  zero  angle 
of  attack). 

The  static  stability  is  expressed  in  the  moment  coef¬ 
ficient  (Ref  (4-57)) 

1/  V 

(4-219)  c  .  - , -  ,  - 

m  O  '* )p"2-Vp%  qSo,,>  l>o,r 

where  q  <-  Dynamic  pressure,  psf; 

S()  =  Characteristic  canopy  area,  sq  ft; 

l\,  p  “Diameter  of  the  characteristic  canopy 
area,  ft;  and 

If  *  Moment  acting  on  the  canopy,  ft-lb. 

The  moment  acting  on  the  canopy  is  a  function  of 
the  normal  force  and  can  be  determined  about  any 
point  of  interest.  For  comparative  purposes,  the  moment 
coefficients  presented  herein  are  based  on  moments 
acting  about  a  point  on  the  axis  of  canopy  symmetry 
at  a  distance  1.0  /)„  (1.33  f)n)  below  the  skirt  of  the 
canopy,  where  Pa  “  ^4  Sn' n.  In  most  cases  of  wind- 
tunnel  testing,  the  suspension  point  of  the  canopy 
models  does  not  correspond  exactly  to  the  moment 
center  as  defined  above.  Therefore,  the  distance  from 
the  actual  suspension  point  to  the  moment  center  must 
be  added  to  the  moment  arm,  a,  to  obtain  the  moment 
(Fig.  4-131),  or 

(4-220)  If  -  V  (o  +  e) 

where  .V  =  Normal  force; 

a  ■  Distance  from  the  normal  force  to  the  sus¬ 
pension  point;  and 

e  «  Distance  from  the  suspension  point  to  the 
moment  center. 

The  resultant  force  acts  at  the  center  of  pressure  on 
the  canopy.  This  resultant  force  can  be  moved  along 
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Fig.  4-131  Application  of  Forces  on  a  Canopy 


its  line  of  action  to  the  axis  of  symmetry  of  the  canopy. 
This  displacement  produces  no  net  moment  to  the  sys¬ 
tem,  but  the  tangent  force  now  acts  along  the  center- 
line  of  the  canopy  and  provides  no  moment  force. 
Since  the  side  force  is  measured  at  the  apex  of  the 
canopy  in  experimental  testing,  a  method  has  been 
devised  to  determine  the  actual  normal  force  acting  on 
the  canopy  (Ref  (4-57)).  In  this  method,  two  different 
suspension-line  lengths  and  the  procedures  shown  in 
Fig.  4-132  are  used  to  determine  the  aerodynamically 
realistic  normal  force.  With  the  normal  force,  ,V,  deter¬ 
mined,  the  normal-force  coefficient  is  obtained  from 

\ _  V 

(1/2)  pv2S0'P  '  7-Vp 


(4-221)  CN 


The  initial  determination  of  the  normal-force  and 
moment  coefficients  of  canopies  was  made  on  rigid 
shell-like  bodies  of  revolution  (Kef  (4-72)).  F'ig.  4-133 
shows  the  results  of  wind-tunnel  measurements  on 
four  models  which  resemble  the  drag-producing  sur¬ 
faces  of  four  typical  canopies:  the  flat  circular  cloth 
type,  a  slotted  high-porosity  type,  a  horizontal-ribbon 
type,  and  a  guide-surface  type. 

Since  for  steady  parachute  descent  the  resultant 
air  force  must  be  equal  to  the  suspended  weight,  the 
parachute  will  descend  with  an  angle  of  attack,  or 
glide  angle,  at  which  the  coefficients  Cn  and  Cm  are 
zero.  Therefore,  canopies  A,  B,  and  C  (Fig.  4-133) 
would  descend  with  a  resultant  angle  of  attack  of  45 
deg,  35  deg,  and  15  deg,  respectively.  Canopy  D  would 
descend  vertically.  It  is  important  to  note  that  the 
curves  of  the  moment  and  side  force  for  canopies  A, 
B,  and  C  indicate  two  separate  positions  of  equili¬ 
brium,  but  only  one  position  of  static  stability  where 
dCm/ ja<0.  The  angular  magnitude  of  the  position  of 
static  stability,  however,  is  different  for  each  type  of 
canopy,  and  none  of  the  first  three  canopies  is  stati¬ 
cally  stable  about  zero  angle  of  attack.  Canopy  D  has 
only  one  position  of  equilibrium;  the  slope  of  the 
moment  curve  signifies  strong  static  stability  about 
zero  angle  of  attack.  These  comparative  curves  are 
representative  of  highly  idealized  models.  When  flexi¬ 
bility  is  introduced  into  the  model,  slight  changes 
become  evident  as  shown  in  Fig.  4-134.  These  curves 
show  the  difference  in  the  characteristics  of  idealized 
and  real  canopy  models:  flexible  and  porous  models 
have  a  smaller  range  of  instability  than  their  prototype 
rigid  models. 

11.1.1  NORMAL-FORCE  AND  MOMENT  COEFFI¬ 
CIENTS  OF  VARIOUS  CANOPY  TYPES.  The  nor¬ 
mal-force  and  moment  coefficients  of  nine  different 
types  of  conventional  canopy  models,  for  a  range  of 
angles  of  attack,  are  presented  in  Fig.  4-135  through 
4-143.  (Ref  (4-57)).  All  cloth  canopy  models  were 
fabricated  of  standard  Nylon  material  (MIL-C-7020B, 
Type  HI)  with  a  nominal  cloth  permeability  of  120  cu 
ft  per  sq  ft  per  min.  For  convenience,  the  aerodynamic 
coefficients  plotted  are  based  upon  the  projected  as 
well  as  the  total  cloth  area,  with  the  exception  of  the 
guide-surface  types  for  which  the  aerodynamic  coeffi¬ 
cients  are  based  upon  the  projected  area  only. 

11.1.2  EFFECTS  OF  CLOTH  PERMEABILITY 
(EFFECTIVE  POROSITY).  The  static  stability  of 
textile  canopies  is  greatly  affected  by  the  permeabili¬ 
ty  or  effective  porosity  (see  Sec.  3)  of  the  cloth  from 
which  the  drag-producing  surface  of  the  canopy  is 
fabricated.  In  the  case  of  canopies  with  geometric 
porosity,  static  stability  is  affected  by  the  degree  of 
porosity  constructed  in  the  drag-producing  surface. 


226 


Id  general,  the  static  stability  of  canopies  increases 
with  increasing  cloth  permeability  or  grid  porosity, 
as  shown  in  Fig.  4-144  and  4-145,  in  which  the  nor¬ 
mal-force  and  moment  coefficients  of  three  types  of 
cloth  canopies  are  plotted  versus  angle  of  attack  with 
cloth  permeability  (effective  porosity)  as  a  parameter 
(Ref  (4-57)).  Naturally, a  balance  of  masa  airflow  must 
be  maintained  in  the  drug-producing  surface  if  re¬ 
liable  parachute  opening  is  to  be  expected.  There¬ 
fore,  although  the  moment  curve  for  the  flat  circular 
canopy  with  a  cloth  permeability  of  275  cfm  per  sq  ft 
shows  considerably  improved  static  canopy  stability 
about  zero  angle  of  attack,  utilization  of  this  high- 
porosity  cloth  in  the  fabrication  of  canopies  is  not 
practical,  since  the  inflation  tendencies  of  the  canopy 
will  become  marginal. 


11.1.3  STATIC  STABILITY  DF.TERMINATION 
THROUGH  F'LOW  VISUALIZATION.  The  relative 
degree  of  the  stability  of  a  canopy  has  also  been 
determined  by  studying  the  How  field  around  the 
canopy  (Ref  (4-73),  (4-74)).  Several  representative 
sketches  of  these  flow  studies  at  15-deg  angle  of 
attack  are  shown  in  Fig.  4-146.  From  these  sketches 
it  con  be  seen  that  the  air  tends  to  adhere  less  to  the 
side  of  the  canopy  which  is  deflected  away  from  the 
airstream  (a  low-pressure  area)  with  increasing  porosity 
and  consequently  with  increasing  static  stability.  For 
the  guide-surface  canopy,  however,  the  difference  in 
pressure  between  opposite  sides  of  the  canopy  in  the 
plane  of  rotation  is  reduced  by  the  “spoiler”  or  flow- 
separation  action  of  the  edge  created  by  the  seam 
between  the  roof  and  guide-surface  panels,  rather 
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Fig.  4-133  Results  of  Wind  Tunnel  Tests  on  Solid  Flat, 
l‘ orach ut e  Canopies  (Rigid  \fndels) 


than  by  an  increase  in  cnnofiy  porosity.  It  is  also 
evident  from  this  flow  picture  that  the  side  of  the 
skirt  offering  the  greatest  resistance  to  the  air  is  also 
creating  a  high-pressure  area,  which  in  turn  causes  a 
restoring  moment.  Analyzing  these  flow  pictures  fur¬ 
ther,  it  can  be  stated  that  the  instability  of  a  canopy 
originates  in  the  flow  about  the  canopy.  At  any  mod- 


Slotted  High  Porositv.  Ribbon  and  Cuide-Surfacc  Type 

erate  angle  of  attack  the  streamlines  tend  to  separate 
from  one  side  and  adhere  to  the  other  side.  Conse¬ 
quently,  a  force  and  moment  develop  which  tend  to 
increase  the  angle  of  attack. 

11.2  Dynamic  Stability.  The  behavior  of  a 

canopy  moving  through  the  air  is  governed  by  char¬ 
acteristics  which,  in  airplane  design,  are  called  dy- 
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muni i'  stability  characteristics.  l  or  aircraft  olid  mis¬ 
siles,  certain  characteristic  parameters  have  heen 
established  which,  when  known,  ullow  the  prediction 
of  the  dynamic  (liability  of  specific  uirplunes  or  mis- 
si  lea.  Attempts  huve  been  mude  by  various  investiga¬ 
tor*  to  establish  similar  parameters  for  parachutes 
(lief  (4-75)  through  (4-78)).  However,  success  hus 
been  limited,  due  to  lack  of  knowledge  of  some  of 
the  experimental  parameters. 

Using  a  number  of  pertinent  experimental  parameters 
presented  in  recent  publications,  particularly  on  sta¬ 
tic  stability  and  appurent  muss,  u  new  attempt  was 
mude  (Hef  (4-58))  to  express  analytically  the  dynamic 
stability  of  canopies  with  point  mass. 

11.2.1  KQUATION  OK  MOTION  OK  A  PARACIWTK. 
AS  A  RIGID  HODY.  The  differential  equations  of 
the  laterally  disturbed  motion  of  a  rigid,  parachute¬ 
like  body  are  of  the  following  form  for  the  coordinate 
system  shown  in  Kig.  4-147; 


(4-222)  (mj  t  mf  x )  ft'  *  (n 


mvv)a'~ 


m  ,  -  (  a"*  ft  ") 
r 


sc,  <>(:, 

— —  a  + - L.  (a'  4  ft)  -  Cnft 

it  a  (f  togr 


and 


2 


(4-223)  [/„,  .  mvy  <•!)“]  (a"  *  ft”)  ~mvxlft'  4 


(mrv  “  "'.x*  7  a'- lifit  a  4  1^2-  (a' *ft') 
i>a 

i)°‘zr 


where  a  »  Angle  of  attack  (degrees); 

ft  ■>  Angle  between  trajectory  of  load  and  ver¬ 
tical; 

Prime  (','*)  indicates  differentiation  with 
respect  to  non-dimensional  time  _  vt  . 

r 

ai  «-  Angular  velocity  of  the  system  about  the 
r  axis; 

S  ■*  Distance  between  center  of  gravity  of  the 
inflated  canopy  and  the  loud; 

r  c  Radius  of  the  inflated  canopy; 

»  Moment  coefficient; 
m 

(■  j  «  l.ifl  coefficient; 

(' I)  «  Drag  coefficient; 


Fig.  4-134  Moment  Coefficients  of  Canopy  Models 


Slope  of  moment  coefficient  versus  angle 

~a  =  “f  aUack; 


d(:L 


-  Slope  of  lift  coefficient  versus  angle  of 
utluck; 


u>,r 
it  — 

t’ 


Dependence  of  moment  coefficient  on  the 
angular  velocity; 


,1(  7. 


Dependence  of  lift  coefficient  on  the  angu¬ 
lar  velocity; 


-  Mass  of  load; 

m/  -  Dimensionless  mass  of  load; 
mvx  ~  O'men8'onles8  apparent  mass  in  x-direction; 

mf,y  -  Dimensionless  apparentmass  in  y- direction; 
Dimensionless  apparent  moment  of  inertia 
of  canopy  rotating  about  an  axis  through 
the  center  of  volume  and  parallel  to  the 

x-axis; 

!•  -  Hate  of  descent; 


Fig.  4-135  Normal  F  orce  and  Moment  Coefficient  vs  ingle  of  Attach  for  Circular  Flat  Cloth  Canopy 


v  -  Hesultanl  velocity;  aad 
p  x  Air  density. 

The  assumptions  made  in  deriving  the  equations  of 
motion  (Eq  4*222  and  4-223)  are: 

(1)  The  motion  ia  restricted  to  one  plane; 

(2)  The  parachute -load  system  constitutes  a  rigid 
body; 

(3)  The  load  is  considered  a  point  mass; 

(4)  The  mass  of  the  canopy  is  negligible; 

(5)  The  aerodynamic  forces  set  only  on  the  canopy; 


(6)  The  forces  and  additional  apparent  (virtual) 
masses  act  at  the  center  of  volume  of  the 
canopy;  and 

(7)  The  additional  air-mass  of  the  load  and  the 
additional  apparent  moment  of  inertia  of  the 
load  can  be  neglected. 

11.2.2  KHK.OHF.NCY  EQUATION  OK  THE  SYSTEM 
OK  EQUATIONS  OK  MOTION.  To  solve  the  system 
of  differential  equations  of  motion,  it  is  assumed  that 

(4-224)  a  -  4rAr  and  0  „  BeXr 
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Fig.  4-136  Normal  Force  and  Moment  Coefficient  vs  Angle  of  Attack  for  10'*  Flat  Extended  Skirt  Cloth  Canopy 


230 


vTS. 


-0.300- - 


—I- 0.350 -L- 
40  -0 


a  -  ANGLE  OF  ATTACK 
•30 


Fi>.  4-137  Xormal  Force  and  Moment  Coefficient  vs  1  nKle  of  ittack  for  14.31  Full  Extended  Skirt  Cloth  Canopy 


where  .4,  li  Arbitrary  ronatanta;  Jr  q  21  (dCr  \ 

)L'«  *”•»  V  J  A57  *Co)  ♦ 

t  *  Time. 

dC^  \  _  #(• 

The  value  of  A,  which  may  be  real  or  complex,  can  be  \"5oT  ~  "J  "r  )mtry  7  ~  ^mL  +  miry^  — “  4 

determined  from  the  cubic  equation  d  —  a  “ x r 
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v 


or 

(4-226)  a  A:*  +  h  A2  +  r  A  +  d  -  0 


where  a.  b,  r,  ami  d  are  the  coefficient!*  in  Kq  4-225. 
I  his  equation.  4-225  or  <4-226.  is  the  frequency 
equation  of  the  system  of  equations  of  motion  4-222 
and  4-223.  To  satisfy  Mouth's  Criteria,  a  <0,  be 0, 
r  ■  0,  d  '-0,  and  be  •  d. 

lo  apply  these  equations  to  u  particular  parachute, 
it  is  necessary  that  each  value  of  the  coefficients 
a,  />,  r.  and  d  of  Kq  4*226  he  determined  for  the  par¬ 
ticular  euiiopv  type  under  consideration. 

11.2.2.1  feroiA  ’ionic  Force  and  ” ament  f  'oef- 
ficients.  V.ind-tunnrl  tests  have  been  conducte  ! 
>>n  .i  number  of  conventional  canopy  types  nith 
various  cloth  porosities  to  determine  the  varia- 
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kig.  4-141  \ormal  Force  and  Moment  Coefficient  r*  ingle  of  Attack  for  Hi  hi  ess  Guide-Surface  C loth  Canopy 
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Fig.  4' 142  formal  horce  and  Moment  Coefficient  vs  Angle  of  lltark,  King-Slot  Canopy  of  20%  Geometric  Porosity 
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Fig.  4^  143  Normal  Force  and  Moment  Coefficient  vs  Angle  of  Attack,  Ribbon-Type  Canopy  of  20%  Geometric  Porosity 
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SYMBOL 

NOMINAL  POROSITY 
(FTJ/FT2  -  MIN) 

EFFECTIVE  POROSITY 

A 

275 

0.0»« 

A 

120 

0.042 

• 

30 

0.010 

O 

10 

0.003 

■ 

0 

0.0  (RIGID) 

□ 

0 

0.0  (POLY.) 

Fin-  4-144  Normal  Force  Coefficient  vs 

lion  of  tangent  force  (T),  normal  force  (.V),  and  mom¬ 
ent  ((/)  with  angle  of  attack.  The  results  of  these  in¬ 
vestigations  are  presented  in  Sec.  6  and  11  of  this 
chapter. 

To  use  the  experimental  data  for  the  solution  of 
the  frequency  equation,  it  is  necessary  to  calculate 
values  off.’/,,  Cp,  dCj/da,  and  dCm/,^a  from  the  ex¬ 
perimental  data.  Fig.  4-148  shows  the  relationship 
between  the  forces  L  and  D,  and  the  forces  N  and  T. 
Simple  geometric  relationships  give 

(4-227)  L  =  V  cos  a  —  T  sin  a 

(■j  -  CN  cos  a  —  Cj  sin  a 


An^le  of  Attack  of  Various  Parachutes 
(4-228)  H  m  N  sin  a  +  T  cos  a 

Cp  *»  Cy  sin  a  +  Cj  cos  a 

These  equations  can  be  used  to  calculate  values  for 
Cp  and  C^  as  based  upon  experimental  data.  Sub¬ 
sequently,  values  for  dC^/da  and  ^-m/da  C8n  be 
calculated. 

11.2.2.2  Influence  of  Angular  Velocity.  The  in¬ 
fluence  of  the  angular  velocity,  &>J(  of  the  canopy 
about  the  z-axis  upon  the  values  derived  above  must 
now  be  considered.  This  velocity  might  have  been 
caused  by  the  sudden  deceleration  of  the  load  as  the 
canopy  opened  or  by  gusts  of  wind  which  may  act 
upon  the  canopy  during  descent.  Since  there  are  no 


and 


2.15 


HORIZONTAL  RIBBON 


Fig.  4-/46  Flow  Field  Around  Several  Canopies  al  15- Degree  Angle  of  Attack 


distribution  is  primarily  dependent  upon  the  ratio 
cr  (rig.  4-149)  und  must  be  un  even  function  of  this 
ratio.  When  r/r  changes  from  0  to  1,  the  body  of  re¬ 
volution  changes  from  a  circular  disk  to  a  sphere. 
Therefore,  for  cr  -  0,  the  moment  is  equal  to  the 


moment  of  a  circular  disk  which  is  subjected  to  a 
flow  of  air  perpendicular  to  its  plane  and  is  rotating 
about  a  diameter.  For  c/r  -  1,  the  moment  is  equal  to 
the  moment  of  a  sphere  rotating  about  its  center.  In 
this  latter  case,  however,  the  moment  is  zero,  since 
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eucli  surface  element  of  the  h|iIi<t«'  is  moved  tiingen- 
liiillv.  If  llii*  (Iran  on  n  unit  area  of  I  In*  circular  disk  is 


i  n!:u» 


n\  Y<n\  /,r* 


then  the  drug  for  u  unit  area  of  tin-  spin- re  con  lie 
approximated  on: 


(4-231) 


■>  o 
r~  —  <•“ 

n  -  a 


(Mote  thul  if  r  *■  0,  />  -  /) | ;  und  if  r  -  r,  l<  -().) 

Since  the  urea  of  u  hemisphere  is  twice  that  of  a 
circulur  disk  with  the  same  radius,  we  introduce  the 

t)  »>  i> 

coefficient  (r“  <  c“)  r“,  which  is  equal  to  1  for  a  disk 
und  2  for  a  sphere.  Thus,  the  moment  element  JM  is 
given  by 


14-232) 


</»f 


r2  „2  r“  ,  c- 


—•4—  I>y 


Jy  il: 


where  I ),  the  drug  per  unit  urea  of  the  canopy,  is 


(4-233) 


(4-234) 
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Therefore,  for  the  cunopy, 
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(4-236)  r 


m  ~  (p/2)irv2r3 


Z  -  AXIS  PERPENDICULAR  TO  «.y  PLANE 

Hk-  4-147  Parachute  Canopy  in  Motion 


Performing  this  integration  yields 
.4  4 


(4-237)  (. 
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llzl  JlL.  f  [  * 

r*  trr'V  /  ‘  ^ 

°  J-rJ.yp7? 


r  tvnc 


vrfi  dY 


that 


(4-238) 


a: 


,,  4  4 

m  (,/)  r  —  r 


r)  r 


/  V\ 

\  4  15  v„) 


0 


R 


Hff.  4-148  Arrangement  of  Coordinates  and  Forces 
for  Parachute  System  in  Flight 
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for  the  total  canopy  with  the  load  aa  moment  center 
can  now  he  evaluated.  It  ia  assumed  that  the  forces 
and  moments  have  arisen  due  to  rotation  of  the  para¬ 
chute  system  about  the  z-axis  which  goes  through  the 
load.  This  rotation  can  be  considered  to  be  composed 
of  a  rotation  of  the  canopy  about  an  axis  parallel  to 
the  z-axis  passing  through  the  center  of  the  canopy 
volume  and  the  simultaneous  subjection  of  the  canopy 
to  an  oblique  flow  of  air  at  the  angle  Aa.  From  Fig. 
4-150  it  can  be  seen  that  for  sufficiently  small  Aa 

u  S 

(4-240)  Aa  =  -£- 


The  lift  coefficient,  C/,  is  a  function  of  a  and  of 
Therefore,  A C/  can  be  approximated  by 

dCi  dCi 

(4-241)  AC/,  -  — t  A  a  -  -k  A*>z 

8  a  8a>  t 

If  A  a  =  02  -  aj,  and  A  a  is  sufficiently  small  (from 
Kq  4-227  and  4-228): 

(4-242)  AC/  -  -  Cn  Aa 


Thus,  Kq  4-241  becomes 


(2-243) 


-  C/,  Aa 


8C, 

Aa  -  —L  Aco 
o<oz  * 


Since  Aa  \u>z  S  v(). 


For  sufficiently  large  t>0  and  small  co* 


(4-230) 


I  he  terms 
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Fig.  4- 1 49a  Body  of  Revolution  for  c/r  -  0 
( Circular  Disk ) 


Fig.  4-  149b  Body  of  Revolution  for  c/r  •  1 
(Sphere) 


The  dependency  of  Cm  on  a  haa  been  ahown  through 
wind-tunnel  teata  (aee  11.1).  However,  in  theae  ex- 
perimenta  the  parachute  system  waa  fixed,  and  thua, 
the  reaulta  do  not  include  the  influence  of  an  angular 
velocity  ojf.  The  total  change  in  Cm  may  be  approxi¬ 
mated  by 

(4-246)  \C._  -  (^2)  Aa  -  Ao,  1 


where  n  indicate*  a  value  determined  from  wind  tunnel 
teata. 

(4-247,  Ai-  .  fl-)  -  ^  1 

Aa  \da/n  do)t  Ao  r 


(2-249)  dc 


m  idC 


l*<±n\ 

V  da  )  n 


For  sufficiently  small  values  of  a,  Cy  *  C £. 


This  gives 


(4-250)  %  _£  if  ^L\  S 

to  r  “  o  r  KLD  +  —'7 

d  —  d  —  da  T 


Let  o>z  m  0;  then,  since  Aa  to  S/ t*n  for  small  Aa 


(4-248) 
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To  determine 
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Fig.  4-150  Rotating  Darachute  System 
it  is  noted  thut  the  portion  of  this  quantity  given  by 


(4-255) 
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The  above  relationships  for 


to  r 

d  — 
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- 2-  ,  and 

it  a 


given  by  Kq  4*245,  4-251  and  4-255  respec¬ 
tively  and  the  relationships 


was  formulated  with  the  volume  center  of  the  canopy 
as  moment  center.  The  total  change  in  ('m  can  be 
approximated  by 


(4-252) 


or 


(4-253) 


Again  with  *>  0,  and  since  Aa  =  S/ 1'() 


(4-254) 
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da 


Substituting  into  this  equation  the  expression  for 
SCm^Sa  given  by  Kq  4-251  gives 


(  iui  be  substituted  into  the  frequency  equation  Kq 
4-225.  Therefore,  by  performing  this  substitution,  the 
on>y  terms  in  the  frequency  equation  remaining  to  be 
evaluated  are  the  dimensionless  mass  of  the  load, 
m/  ,  the  dimensionless  apparent  moment  of  inertia  of 
the  parachute  canopy,  lvg,  and  the  dimensionless  vir¬ 
tual  masses  in  the  x  and  v  direction,  mvx  and  m(,v. 

The  subscript  n  in  the  above  relationships  indi¬ 
cates  that  the  value  of  the  particular  term  has  been 
experimentally  determined  under  static  conditions  in 
the  wind  tunnel. 

11.2.2.3  Dimensionless  Mass  of  the  Load.  The 
dimensionless  mass  of  the  point  load  is  defined  as 


(4-256) 


ZlL 

npr ® 


11.2.2.4  Dimensionless  Apparent  Moment  of  Iner¬ 
tia  of  the  Canopy.  The  dimensionless  apparent 
moment  of  inertia  of  the  canopy  can  be  determined  as 
follows.  The  kinetic  energy  of  a  rigid  body  due  to  its 
rotation  can  be  expressed  by 


(4-257)  “2« 


CO  Cl)  /  —  CO  CO  /  —COCO/ 

x  y  *xy  x  z  xz  y  z'yz 
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For  the  simplified  cane,  the  rotational  axis  can  be 
taken  an  coinciding  with  a  coordinate  axis  x,  and  l% 
an  the  moment  of  inertia  of  the  body  with  •‘aspect  to 
the  t  axis.  The  equation  is  then 

(4.2S«>  *,  -  ±  »2,  /, 

for  an  ellipsoid  (which,  due  to  lack  of  experimental 
values,  the  canopy  shape  is  assumed  to  be) 


(4-259) 


*2/«2  +  v2/b2  +  *2c2 


For  the  prolate  ellipsoid  of  F.q  4-259,  the  additional 
moment  of  inertia  is  given  by 


If  the  shape  is  immersed  in  a  liquid  and  rotating  with 
angular  velocity  ui,  the  kinetic  energy  of  the  liquid  is 


(4-260)  F.,  «  2 
*  5 


* _ (6 

2  (A2 

m 


2  -  c2)  (yn  -  ftn) 
c2)  -  (b2  ♦  c2)(yo~  I 


where  m  -  mass  of  the  displaced  liquid 

P0-  abc  f  (a2  +  A H/2  (b2  +  A)’372  x  , 

0J  (c2+A)-»/2rfA 

y0  -  ahc  /"(a2  r  A)-1/2(h2  t  A)’,/2  * 

0*'  (r2  +  A)-3/2(/a 

(according  to  Ref  (4-79)  through  (4-81)). 


e2  ■=  1  -  (c2/o2) 


F.q  4-261  can  now  be  expressed  as 
_  4  ,  f  (“2  -  c2)  (y_  -  a) 


(4-262)  1 


±  2  r 

15  ^°12 


2(o2-c2)-(o2  +  c2)(y„ 
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When  the  term*  for  a(>  und  yp  ure  substituted  into  the 
term  for  kgt, 

eW\  ~  e2  [e  (3  -  <*2)  -  Vl  ~  “rc  M'n  j 
°Z  2e^  -  (2  -  e2)  £e  (3  -  e2)  -  -  r^  "arc  ainrj 

It  can  be  seen  that  as  e-*0,  iaj— *  0,  and  as  e— *1,  Agj4"- 
When  I, 'Hospital’s  rule  is  applied  to  AQZ. 

lim  4 

e-»l  *oz  ”  3  n  “  0.4244 


11.2.2.3  l>eterrniniUion  of  the  dimensionless  Vir¬ 
tual  W ass.  To  determine  the  dimensionless  virtual 
muss  of  the  canopy  in  the  x-direction  (m  l  and  in  the 
v-direction  (m(>y),  it  is  necessary  to  know  the  nominal 
parachute  cloth  porosity.  The  nominal  cloth  porosity 
is  defined  as  the  volume  rate  of  airflow  through  a  unit 
urea  of  cloth  under  standard  atmospheric  conditions, 
with  a  differential  pressure  (Ap)  across  the  cloth  of 
one-half  inch  of  water,  corresponding  to  2.6  psf.  The 
velocity  of  the  flow  is  then  calculated  as 


The  included  moment  of  inertia  of  a  thin-shelled, 
liquid-filled  ellipsoid  of  axes  a,  h,  und  e  (Hef  (4-79)) 
can  be  expressed  as 

4  2  (ot'  ~  f2)  4  5  , 

'incl  -  -"P"  c  „2.  ,2  “  fs  "P*  *incl 


k, 


incl 


e4VT7 


2  -el 


The  apparent  moment  of  inertia  of  a  canopy,  the  vol¬ 
ume  of  which  has  been  transformed  into  an  ellipsoid, 
will  then  be 


'z  9  'az  +  'incl 

lt  -j5  n  P°‘ 

,S |T7~ 

2  — e2  -< 


f  e4Vr7(v  -o. 


l2e2  -  (2-e2)  (ya  -  ag) 


I  *  -1 

z 


15  npa*Kz 


kaz  +  *incl 


Numerical  values  of  Kz  are  plotted  as  a  function  of 
r/a  (=  r/r)in  Tig.  4-151. 

The  dimensionless  apparent  moment  of  inertia  of 
the  canopy  is  defined  as 


2,Z 


npr 


4  c 

iS”'”'  *'* 


then 


8 

—  K 

15  * 


In  the  case  of  canopies  with  geometric  porosity,  the 
equivalent  nominal  porosity  of  the  ribbon  grid  must  be 
calculated.  For  example,  in  a  canopy  with  x  per  cent 
geometric  porosity,  the  open  area  in  one  sq  ft  of  cano¬ 
py  area  is  x/100  sq  ft.  Hence,  the  volume  of  air  which 
will  flow  through  one  sq  ft  of  ares  in  one  second  is 


100  Vc 


Y 


Therefore,  the  nominal  porosity  is  T  cu  ft  per  sq  ft 
per  sec  or  V’x  60  cu  ft  per  sq  ft  per  min. 

With  the  nominal  cloth  porosity  known,  the  apparent 
mass  of  the  canopy  can  be  derived  from  experimen¬ 
tally  determined  data  (Ref  (4-25)),  as  plotted  in  Fig. 
4-152.  This  plot  gives  the  ratio  of  the  apparent  mass 
to  the  included  mass  of  the  canopy,  *»ap/wiBC|-  By 
definition,  the  total  additional  mass  is 


(4-263)  mad  -  map  +  "»inc| 


and  can  now  be  calculated. 

The  dimensionless  virtual  mass  is  defined  as 


2,71  adx 
npr2 


and 


try 


2m  ady 
npr2 


Henn  (Ref  (4-37))  advises  taking  majx  ”maJy  There¬ 
fore 


11.2.3  SAMPLE  CALCULATION  FOR  A  STATI¬ 
CALLY  STABLE  CANOPY.  The  dynamic  stability 
of  a  ribless  guide-surface  canopy  and  point  mass  are 
determined  in  this  example  with  velocity,  vn,  equal  to 
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105  fps . 

11.2.3.1  1‘hvsieal  Canopy  Dimensions  and  Data. 
I' or  the  purpose  of  this  sample  calculation,  the  rib¬ 
less  guide-surface  canopy  is  assumed  to  be  fabricated 
of  Nylon  material  with  a  nominal  cloth  permeability 
of  120  cu  ft  per  sq  ft  per  min  (Mil  .-C-7020H,  Type 
III).  The  other  defining  dimensions  of  the  canopy 
(big.  4-153)  are; 

R  -  Radius  of  sphcricul  portion  of  the  canopy  - 
0.75 l)p  =  3.75  ft; 


DE  » 


zrj  -  Smaller  diameter  of  the  conical  canopy 


■  0.7  Dy  =  3.50  ft; 


-  Si 
portion 

fij  -  Height  of  the  spherical  canopy  portion  =  0.96 
ft; 

ho  =  Height  of  the  conical  canopy  portion  =  0.75 
ft;  and  the  base  angle  of  conical  canopy  por¬ 
tion  =  45°. 

(1)  (anopy  I  olnrne.  The  volume  of  the  spheri¬ 
cal  portion  of  the  canopy  is 


»M,,h  '  ^  -*1> 

(1-261)  i  <0.'»6)-£(3  x  3.75)  -  O.'X.J 

1  H|>h  "  ^  do.20)  -*».<>:)  t  u  ft 

and  the  volume  of  the  conical  canopy  portion  in 

"pH 

(■y)  / 

(4-269  4  *0’5  {(T|2  1  EtM¥’]  * 

'f'2} 

-  0.785  [3.06  f  (2.5  x  1.75)  +  6.25] 

‘  con  "  °-785  *  13-69  *  10-74  ft 
Therefore,  the  total  volume  of  the  canopy  in 


(4-266)  Ip.,  -  I'  h  ♦  I  con  -  9.93  c  10.74  .20,67 

cu  ft 


(2)  Location  of  Center  of  I  olurne.  The  location 
of  the  center  of  volume  of  the  spherical  portion  of  the 
canopy  is  calculated  as  follows  (Kifl.  4-153) (measured 
from  point  0); 


(4-267) 


v  .  _  3  (2K  -  A,)- 
sl‘h  4  T!5TTTp 

3  [(2  x  3.75)  -  0  96]  2 
"  4  [(3  x  3.75) -0.96] 

's*. 


or,  measured  from  point  II: 


y,*ph  -  ysph0  ~  <  A,  +h2 


I'Hr  the  conical  portion,  measured  from  point  F: 


(1-268) 


ho 


(2  '!i‘  —)i 

2  2  2 


2  *  ( /;/»  /—  )  +  0)2 
L\T/  1  2  2 


0.75  f(2.5)2  c  (2  x  2.5  x  1.75)  +  3  (1.75)*1 
T"  L  <2.5)2  t  (2.5  x  1.75)  +  (1 ,75)2  J 

rron..  -  0187  (—5)  -  0.33  ft 

nF  113.68/ 


y8ph.'  3. 12  -  3.75  +  0.96  +  0.75  »  1.08 

K  II  /'«£.  4-153  Ribless  Guide-Surface  Parachute  Canopy 
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or,  measured  from  point  II: 


Vo..  ' 

(4-260) 

v«„;/  °-?r>  -  0:1:1  *»■««' 


Hiereforp,  thi*  crntrr  of  volume  of  !)ir  canojiy  (m<*«- 
Huretl  from  point  //)  in  loiatrd  at 


vi ,,,r// 


(4-270) 


par,/ 


Npii  *  ron  Voii^y 

1  sph  1  1  ion 


10.72  .  t.r.i 


20.07 


0.7.17  ft 


In  the  actual  nwr,  tin*  center  of  \ «i I of  the  canopy 
will  lie  some  what  higher  line  to  deformation  of  the 
conicul  portion  bv  the  relative  airstreum.  Thus,  let 
the  center  of  volume  lie  located  at 


(4-271)  V  0.H  ft 

pur// 

(3)  Determination  of  Ratio  S/r.  The  diHtHnee 
S  from  the  center  of  volume  of  the  canopy  to  the  sun- 
pended  load  can  now  be  determined  as  (Fig.  4-l.r>3) 

(4-272)  s  r  v  ,  /,//  _  o.«  f  6.4  «  7.20  ft 
Thus,  the  ratio  S/r  is 


0.1  0.2  0.3  0.4  0.S 

a  (RADIANS) 


0.1  0.2  C.3  0.4  0.5 

a  (RADIANS) 

Fig.  4-154  \lomrnt  and  Lift  Coefficients  vs  tng/e  of 
Attach  for  Rihless  Guide-Surface  Canopy 


(4-273)  S  =  7J20  __  2  M 

r  2.50 

11.2.3.2  Determination  of  Values  for  Cp,  dCp/da, 
and  dCm/da.  From  the  measured  values  of  C/V  and 
Cj  (Sec.  11  and  6,  respectively)  and  by  means  of 
F.q  4.227  and  4-228,  corresponding  values  of  C p 
and  Cp  are  calculated.  These  values,  based  upon 
the  projected  canopy  diameter,  D^,  are  tabulated 
in  Table  4-3  along  with  the  calculated  values  for 
dC^/da  and  dCm/da .  The  values  of  Cp  and  Cm 
are  plotted  versus  a  in  Fig.  4*154.  From  this  plot, 
it  can  be  seen  that  both  C j  and  Cm  are  approximately 
proportional  to  a  in  the  region  0<^o  <  20°, 

Therefore 


and 


(4-275)  Cm  *  (dCm)a 

da 

From  Fig. 4-154 one  finds  that  for  the  region  of  angle 
of  attack  considered  above 


(4-276) 


('!£(')  =_  0.51  rad'1 
da  n 


and 

(4-277)  (^2?)  =  —  0.84  rad*1 

da  „ 


(4-274) 


c,  -  ( )  n 
r)a 


The  subscript  n  indicates  that  the  quantity  is  mea¬ 
sured  in  the  wind  tunnel  under  static  conditions. 


T\Hli:  W3  KXI’KIIIMI'NTAI.  DATA  I 'Oft  HIHI.KSS  CHIDL-MIHFACK  CANOI’Y  MCASURFI) 
IN  HIND  Tl'NNKI.  AT  A',.  -6*  10r*  AND  “  105  l-T  |»KH  SKC  (NOMINAL 
CANOPY  CLOTH  I'OHOSITY  120  Cl!  I"l  I'Ll!  S(.)  IT  l*KH  MIN) 


Angle  o 
Degrees 

f  Attach 

Radians 

<:r 

Measured 

fY 

dtii  culutcd 
d(.j  ,  da  (  p 

H,:m  ’>a 

0 

0 

1.148 

0 

0 

0 

- 

1.148 

- 

2.5 

0.044 

1.157 

-0.028 

-0.035 

-0.022 

-0.500 

1.157 

-0.795 

5.0 

0.087 

1.162 

-0.060 

-0.074 

-0.042 

-0.483 

1.163 

-0.850 

7.5 

0.1.31 

1.162 

-0.085 

-0.106 

-0.067 

-0.511 

1,163 

-0.810 

10. 0 

0.171 

1.157 

-0.113 

-0.142 

-0.089 

-0.512 

1.159 

-0.316 

12.5 

0.218 

1.157 

-0.142 

-0.177 

-0.112 

-0.514 

1.161 

-0.812 

15.0 

0.262 

1.153 

-0.176 

-0.220 

-  0.129 

-0.492 

1 . 1 59 

—  0.840 

17.5 

0.305 

1.135 

-0.210 

-0.263 

-0.141 

-0.462 

1.145 

-0.863 

20.0 

0.349 

1.118 

-0.227 

-0.284 

-  0. 169 

-0.485 

1.129 

-0.815 

25.0 

0.436 

1.096 

-0.252 

-0.316 

-0.234 

-0.536 

1.100 

-0.724 

30.0 

0.524 

0.705 

-0.323 

-0.405 

-0.073 

-  — 

0.773 

-0.774 

ll  in  also  apparent  from  I  able  4-3  that  is  very 
nearly  independent  of  a.  and  turn  the  average  value 


(4-278) 


(Cn)n  =-  1.15 


_  Li£»  ^1  _  (0.32)4] 


-0.288(1-0.0105)  -  .0.284  .  -0.30 


11.2.3.3  Determination  of  the  Value  of  <)C _  d— 

To  evaluutc  thin  term  for  the  riblenn  guide-surface 
canopy,  the  ratio  c  r  must  be  determined.  To  accom¬ 
plish  this,  the  canopy  must  be  replaced  with  a  rotation¬ 
al  ellipsoid  having  the  same  volume  as  the  canopy,  the 
same  position  of  volume  center,  und  major  axis  equal 
to  the  projected  diameter,  D^,  of  the  canopy  (Kig. 
4-155).  The  semi-minor  axis,  c,  is  then  determined 


11.2.3.4  Determination  of  the  Value  of  the  Di¬ 
mensionless  I  lass  of  the  Load.  The  assumed 
weight  of  the  suspended  point  load  ia  200  ib.  With 
the  definition  of  the  dimensionless  mass  of  load 
(11.2.2.5),  und  with  p  -  0.00238  slugs  per  cu  ft  the 
value  of  the  dimensionless  mass  of  the  load  is 


(4-282) 


ml. 

n  pr 


<*-279>  1  par^eir  ^  -  20.67  cu  ft 


32.2  x  rr  x  (2.5)3  x  2.38  x  10‘3 


With  r  =  I)  /  2  -  2.5  ft,  this  equation  gives 


(4-280) 


—  -  0.32 


From  Fq  4-239,  and  for  r  'r  *•  0.32, 


(4-281)  I  (j'V 

V'  t7  "  j 


jm  r, 

4  L  r  J 


m/  =-  106.5 


11.2.3.5  Determination  of  the  Value  of  the  Dimen¬ 
sionless  Apparent  Moment  of  Inertia.  The  dimen¬ 
sionless  apparent  moment  of  inertia  of  the  canopy  is 
given  by 


(4-283) 


"  175 
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For  llir  ribless  guide-surface  canopy,  with  the  rutin 
r  r  -  0  ..‘12,  tin-  vulue  ii  f  A  „  in  found  from  Fig.  4- IS  I 
to  he 


final  Holutinn  to  the  differential  equation**  4-222  and 
4-22.4.  All  vulues  of  terms  evaluated  are  summarized 
helow: 


(4-284) 


A  .  -  0.54 


Therefore,  for  th it*  cunopv,  the  dimensionless  appurent 
moment  of  inertia  is 


(4-285) 


/  -  -  (0,54)  -  0.2H8 

IS 


11.2.3.6  Determination  of  I  allies  of  the  Dimen¬ 
sionless  Additional  Mass.  From  Fig.  t-152,  for  a 
nominal  doth  porosity  of  120  ru  ft  per  sq  ft  per  min 
(effective  porosity  0.042),  the  ratio  of  the  apparent 
mass  to  the  included  mass  for  the  rihless  guide-sur- 
fuce  canopy  is 

(4-286)  w, 


The  included  mass,  m.  |,  for  the  canopy  is 
<  t-28T)  "incl  '  1  par  '  20'67  >' 


(4-288) 


mup  -  3.31  p 


My  definition,  the  totul  additional  mass  is 


(4-289) 


"ad  ”  map  +  mincl  "  3  31  P  '  20'67  P 
-  23.98  p 


Equation  4-289  then  gives  the  value  of  the  dimension¬ 
less  apparent  mass  of  the  canopy  as 


(4-290)  mv%  -  mvy. 


2mad  2  x  23.98  P 
~3  ”  a  (2.5 )3p 


47.96  p 
49.06  p 


=-  0.98 


11.2.3.7  Solution  of  the  Frequency  Equation.  Kach 
term  in  the  frequency  equation  hus  now  been  evaluated; 
this  equation  can  therefore  be  solved  to  obtain  the 


(-] ' 

(h  - 

W" 


rrij  m  106. 5 

lvg  -  0.288 


mix  -  %v  0  98 


(1)  Roulh’s  Criteria  Substituting  these  values 
in  the  frequence  equation 


(4-291)  J  (mj  ♦  mt,y)  *  m;  mvy  (^fj  A3  + 

f^)  *<'»>]  IL*5/.-'2] 


ml.  7  -fmL*  mt  y)  I  J£b\  -  (m,,,  -  mvy)  m,  *[a2  - 
'  *  1  r\ 

\  / 

|(^„  ‘  (ff)  r  "  (C/,tn  * 

n 

-  -'HSl  (0 


This  yields 


(4-292)  A3  +  0.959  A2  +  0.316  A  +  0.0034  -  0 
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Neeeaaurv  tind  sufficient  conditions  for  dynamic 
atability  of  motion  urr  expressed  in  Mouth's  criteria 
uh  a  '■0,  l>  *0,  r  -0,  il  >0  and  hr  ■  </,  where  a,  h,  c, 
and  d  are  the  coefficienta  of  the  frequency  equation. 
Applying  theae  criteria  to  the  uhove  equation  it  can 
he  aeen  that  the  motion  of  the  rihleaa  guide-surface 
canopy  ia  dynamically  atable. 

'Hie  roots  of  Kq  4-292  define  the  deacent  charucter- 
iatica  of  the  canopy.  A  real  riait  correaponda  to  an 
aperiodic  aidealip  motion  and  u  complex  conjugate 
root  correaponda  to  an  oscillation,  with  the  real  part 
of  the  complex  root  defining  damping  and  the  com¬ 
plex  part  defining  frequency. 

The  values  of  the  three  roots  in  Kq  4-292  are 

Aj  -  0.0111 

A-2  -  0.474  t  0.2841 

A3  ~  -  0.474  -  0.2841 

11.2.3.8  Solution  of  thr  Equations  of  \lotion.  Sub¬ 
stituting  the  above  vuluea  of  A  into  Kq  4-224  gives 
the  solution  to  the  differential  equations  of  motion 
(Kq  4-222  and  4-223)  for  the  riblesa  guide-nurture 
canopy  ns 


-0.01  llr 


(-0.474+0.2841  )r 


(4-293)  or  1  |r  +  ,40e 

-(0.474  +0.284  i)r 


>3r 


(4-294)  ft  -  H,e 


-0.0111  r  t  R  (-0.474  +  0.284l)rH 


«3e  -(0.474  +  0.2841)  r 


Since  r  ■  t^t/r  and  for  our  cusc  cf)  -  105  fps  und 
r  -  2.5  ft. 


or  finally 


(4-208)  a  t  ,e  *°-4A6t  +  e  *l9,9<  (42  cos  1 1.9,3  1  + 
1  q  sin  1 1 .93 1 ) 

(  4-299)  ft  -  It  ,e  )f  '19-9' («2  cos  11.931  + 

/f3  sin  11.93*) 

The  arbitrary  constants  A  ■  and  R ^  (1  -  1,  2,  3)  are 
calculated  from  the  initial  conditions  (at  1  ■=  0,  a  - a(), 
ft  -  ftt>.  and  <o;  *■  ojZo).  Kq  4-222,  4-223,  4-224,  and 
4-245  combine  to  form  the  following  equation: 


(4-300) 


A ”» mvy  7  4  ((:l)>n  1  +  I'V  ~  mvx  ~ 

(5).'' 


Krom  this,  the  individual  values  of  /fj/8j,  A^JR 2< 
and  i$/li 3  can  be  calculated,  giving 


(4-301)  4  j  /fj  e  0.0457,  4 2//?2  -  40.0  -  42.21 , 

43/«3  =  40.0  +  42.21 

The  initial  conditions  are.  in  general,  for  I  *  0,  a  «°0. 
ft  -  ftn ,  and  -  u>z  which  give 


(4-295)  r-42l 

With  this,  the  solution  becomes 

(4-296)  a-d,**0466'  +.V(-19-9  +  1,-93')‘  + 

.  -(19.9  + 11.93  i)i 

d3e 

(4-297)  ft  =  «1e'0,466‘  +  R2e  (’19,9  +  11,93 ,)f  + 
B  -(19-9+,193,)< 
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(4-302) 


a„  -  U  f  <2  '  <3 


chute  ure  determined  from  Kq  4-298  and  4-299  un 


(4-303)  fi()  -  /{,  +  W2  ♦ 


<o  -(«'+£') 
o  o 


(4|  +  /) j )  A j  t  (.4  2  ♦  R^f  ^2  * 


(43  +  fl3)  A., 

Thua,  for  a  given  set  of  initial  conditions,  Kq  4-301 
through  4-303  determines  the  constants  I  (  and  li-. 

With  the  results  obtained,  a  number  of  important 
conclusions  can  be  drawn  concerning  the  static  and 
dynamic  stability  of  the  parachute,  and  its  motion 
during  descent. 

The  derivative  dC  /'da.  represented  by  the  next 
equation,  is  of  special  importance.  From  it  a  distance 
s  «  4  can  be  determined  that  locates  the  so-called 
“point  of  difference’’.  This  is  the  point  about  which 
the  momeot  is  always  zero;  i.r.,  with  the  suspended 
load  positioned  at  this  point,  the  parachute  stability 
is  indifferent  to  outside  disturbances.  It  corresponds 
to  the  aerodynamic  center  of  an  airplane,  'the  dis¬ 
tance  £  is  calculated  as 


or  with  the  values  calculated  previously  for  (dCn '  da)n, 
(dC ii/da)n  and  (£/))„  and  listed  in  11.2.3.7,  above, 
f-3.2B  ft. 

For  any  distance,  £,  which  satisfied  the  condition 


For  aj  and  /lj,  (/  j/j)  “  1-49  sec 
For  ao  and  /)0l  (t  |/ 2 )  •  0.035  sec 
For  O  j  and  /Ij,  U  j/2)  "  0.035  sec 

If  the  parachute  is  descending  at  u  rate  of  105  fps, 
the  amplitude  of  any  disturbance  which  occurs  will 
therefore  decuy  to  one-half  its  original  value  after  a 
descent  of  the  order  of  155  ft.  The  period  of  oscilla¬ 
tion  and  the  frequency  of  the  periodic  motion  are  cal¬ 
culated  from  the  imaginary  portion  of  Kq  4-298  and  4- 
299  as 

2n 

(4-304)  T  -  -  -  0.527  sec 

11.93 

f  -  —  -  1.90  cps 

r 


The  selection  of  the  initial  conditions  for  the  mov¬ 
ing  purachute  is  one  of  the  most  difficult  problems  in 
the  solution  of  the  equation  of  its  motion  because  it 
is  very  difficult  to  say  when  the  “parachute”  actually 
becomes  a  functioning  parachute  (i.e.,  fully  inflated) 
after  it  is  released  from  an  aircraft.  Henn  (Hef  (4-75)) 
suggests  considering,  as  a  first  step,  one  of  the  most 
common  cases  of  disturbed  motion  of  a  parachute,  the 
strong  pendulous  motion  of  the  load  about  the  canopy 
initiated  by  the  opening-shock.  The  initial  conditions 
are  chosen,  then,  for  *  -  0,  a  •  0,  ft  <=  flo  >  0,  and 

Wj  •  »  0.  With  these  boundary  conditions,  and 

the  set  of  equations  4-301  through  4-303,  the  coefficients 
.4,-  and  R-  can  be  determined.  Substituting  the  numeri¬ 
cal  values  of  these  coefficients  into  F.q  4-298  and 
4-299,  and  performing  a  few  algebraic  manipulations, 
the  equations  of  motion  for  the  ribless  guide-surface 
canopy  are 


the  parachute  will  have  weathercock  stability;  i.e., 
it  will  tend  to  turn  into  the  wind  when  subjected  to 
an  oblique  flow  of  air.  For  the  ribless  guide-surface 
canopy  under  consideration,  the  condition  for  weather¬ 
cock  stability  is  therefore  £  >  3.28  ft.  Since  the  dis¬ 
tance,  s,  in  7.20  ft,  the  parachute  is  stable. 

F'.q  4-298  and  4-299  indicate  that  the  parachute  has 
two  inherent  motions,  an  aperiodic  motion  and  an  os¬ 
cillation.  The  real  roots  of  the  frequency  equation 
were  found  to  be  negative;  therefore,  the  aperiodic 
motion  is  non-progressive.  Also,  the  complex  root 
pairs  have  negative  real  parts,  which  means  that  the 
occurring  oscillations  fade  out.  The  half-value  times 
for  the  oscillation  portion  of  the  motion  of  the  para- 


a  ~  ao  |-0.00137e  *°'*56'  +  1.77e  '19'9‘  x 


ao  [0, 


sin  (1 1 .93/  +  34 


4°j 


(4-305) 


[0, 


P  -  a0  |-0.0300p 


-0.466/  -19.9* 

+  0.0304c  x 


»in  (11.93/  *  80 


■  9”)] 


Assuming  the  initial  conditions  /  =  0  and  aQ  -  7.5°  ■> 
0.1309  radians,  from  Kq  4-305 
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hig.  4-156  (irafthicnl  Presentation  of  Motion  of  Para¬ 
chute  System  f  hiring  lies  cent 


considered  separately.  The  motion  of  the  load  can  be 
determined  from  the  trajectory  angle  fi.  The  vertical 
und  horizontal  coordinutea  (x  and  v,  reaper  lively)  of 
the  poaition  of  the  load  are 


(T-TOH) 


»  J'v  COB  fi  dt 

-  r  ain  fi  dt 


and 


or,  for  fi  sufficiently  amall,  v  is  approximately  equal 
to  v  and,  therefore 


(4-309) 


x 


-  V 


(4-.T  10) 


Substituting  the  expression  for  fi  given  by  Kq  4-306 
into  Kq  4-310  and  assuming  that  v  «  105  ft/sec,  the 
motion  of  the  ribless  guide-surface  canopy  is  then 
given  by 


(  4-311)  x  «  105  t 

,  ,  -0.466 1  -19.9/ 

(4-312)  v  -  0.885e  +  0.0179e  x 

sin  (1 1.93/  +  68.1°)  -0.868 


-0.466/  -19.9/ 

(1-306)  a  s-  -0.000179e  i  0.232c 


"in  (11,9.3/  ,  34.4°) 

-0. 466/  -19.9/ 

fi  -0,00393  e  +  0.00398r  x 

sin  (11.93/  t  80.9”) 


Kq  4-306  can  bo  solved  for  the  inclination  angle, 
(a  +  fi) ,  to  give 


,  ,  ,  -0.466/  -19.9/ 

(4-307)  (a  t  fi)  *■  -  0.0041, •  +  0.236e 


sin  (11.93/  +  35.1") 

In  order  to  describe  the  motion  of  the  parachute,  the 
motion  of  the  load  und  the  motion  of  the  canopy  are 
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hig.  4-157  (Graphical  Presentation  of  a  and  a  +  fi  vs 
Time 
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If  (lie  iniliul  altitude  of  the  parachute  in  approximute- 
Iv  10,000  fl,  the  lime  of  descent  will  be  approximate- 
It  100  seconds.  In  Table  4-4,  t,  v,  and  (a  t  /!)  are 
tabulated  far  varioua  values  of  t  between  0  unci  100 
seconds.  The  rraulta  are  preaented  graphically  in 
b  ig.  1-1. Vi.  'The  angles  a  and  (a  +  fi)  are  tabulated  in 
Table  .4-5  for  the  smaller  range  of  l  between  0  and  2 
aeconda.  'These  results  are  presented  in  b  ig.  4-157. 

'The  most  significant  results  of  this  stability  analy¬ 
sis  can  be  summarized  as  follows: 

(ii)  b.q  4-298  and  4-299  indicate  that  the  parachute 
has  an  aperiodic  motion  and  a  periodic  oscil¬ 
lation; 

(b)  The  periodic  as  well  an  the  aperiodic  motion 
is  damped; 

(c)  'The  influence  of  the  oscillation  on  the  resul¬ 
tant  motion  is  relatively  small; 

(d)  The  period  of  the  oscillation  and  the  frequency 
of  oscillation  are  T  m  0.527  sec  and  f  «  1.90 
epa;  and 

(e)  Any  disturbances  that  occur  during  an  equili¬ 
brium  apeed  of  105  fps  will  decay  to  one-half 
the  original  value  after  a  vertical  descent  of 
approximately  155  ft. 


SEC  12  AERODYNAMIC  HEATING 

During  supersonic  flight  within  the  perceptible 
atmosphere,  it  is  evident  that  a  considerable  region 
exists  where  the  operation  of  an  aerodynamic  decel¬ 
eration  device  of  practical  dimensions  will  produce 
little  or  no  deceleration  for  a  prolonged  period  of 
time.  Under  such  conditions  the  deceleration  device 
will  be  subject  to  aerodynamic  heating  long  enough 
to  attain  a  near-equilibrium  temperature.  The  decel¬ 
eration  of  aerospace  vehicles  prior  to  the  deployment 
of  the  main  recovery  parachute  has  been  successfully 
accomplished,  by  means  of  textile  canopies,  from  ini¬ 
tial  speeds  as  high  as  Mach  2,45  and  altitudes  of  the 
order  of  60,000  ft.  These  conditions  may  be  regarded 
as  the  threshold,  past  which  aerodynamic  beating  may 
weaken  or  even  destroy  Nylon  textile  canopies.  How¬ 
ever,  because  of  the  rapid  deceleration  usuully  asso¬ 
ciated  with  aerospace-vehicle  recovery  operations, 
the  dwell  time  in  the  threshold  environment  has  not 
been  sufficiently  long  to  produce  damaging  surface 
temperatures.  But  as  the  application  of  textile  cano¬ 
pies  is  extended  into  the  higher  Mach  number  regime, 
the  prediction  of  the  temperature  history  of  a  canopy 
along  its  descent  trajectory  will  be  of  vital  interest 
to  the  desipt  engineer. 

A  method  wan  initially  proposed  in  Ref  (4-82)  and 
expanded  in  Ref  (4-83)  and  (4-84),  to  calculate  the 


temperature -time  history  of  u  canopy  during  descent. 
Hrf  (4-83)  presents  an  analysis  which  predicts  the 
overage  instaiil.ineoiis  equilibrium  temperature  of  a 
canopy,  assuming  an  uveruge  heal-lrunsfer  coefficient. 
This  method  would  be  adequute  for  design  purposes 
if  the  materials  used  in  the  fabrication  of  canopies 
were  good  thermal  conductors.  However,  canopies 
constructed  of  fabrics  are  poor  conductors,  and  since 
aerodynamic  decelerutors  are,  in  a  majority  of  cases, 
of  irregular  shape,  large  temperature  gradients  can 
develop  in  the  material,  both  normal  and  parallel  to 
the  canopy  surface.  lief  (4-85)  extends  the  analysis 
initially  developed  in  Ref  (4-83)  and  considers  the 
case  of  a  practical  aerodynamic  decelerator  capable 
of  dissipating  heat  by  radiation  from  its  surface  and 
thermal  diffusion  to  its  structure. 

The  thermal  problems  encountered  in  designing  aero¬ 
dynamic  deceleration  devices  for  operation  at  high 
Mach  numbers  are  similar  to  these  encountered  in  the 
design  of  any  reentry  body.  Many  different  design 
approaches  have  been  considered  for  the  control  of 
temperature;  cooling  by  mass  transfer,  ablation,  radia¬ 
tion,  and  diffusion;  employing  temperature-resistant 
organic  fabrics,  glass  cloth,  and  graphite  cloth;  and 
using  conductive  materials,  such  as  wire  mesh  cloth. 
Using  subliming  coatings,  blunting  of  the  leading  edge, 
and  constructing  with  thicker  materials  are  other  al¬ 
ternatives.  However,  since  aerodynamic  decelerators 
should  exhibit  a  large  drag-to-weight  ratio  and  must 
he  stored  in  a  small  volume,  materials  used  in  the 
construction  of  parachute-like  drag-producing  devices 
must  be  relatively  thin.  These  limitations  generally 
rule  out  cooling  by  mass  transfer  or  ablation.  Diffu¬ 
sion  in  the  material  is  effective  only  for  relatively 
short  exposure  time  (a  few  seconds)  because  of  the 
thinness  and  light-weight  construction  of  practical 
aerodynamic  decelerators,  making  it  of  significance 
only  if  the  trajectory  conditions  are  changing  rapidly. 
Radiative  cooling  is  therefore  the  primary  method  by 
which  the  surface  of  high-temperature  aerodynamic 
decelerators  dissipates  heat. 

12.1  Energy  Equations.  When  a  body  moves 
through  the  air  at  supersonic  speed,  its  surface  be¬ 
comes  heated  to  a  temperature  above  that  of  the  sur¬ 
rounding  undisturbed  air.  This  phenomenon  is  known 
as  aerodynamic  beating.  The  cause  of  this  tempera¬ 
ture  rise  is  the  deceleration  of  the  air  in  the  boundary 
layer  located  along  the  surfaces  of  the  moving  body 
and  in  the  wake  behind  it;  the  kinetic  energy  is  con¬ 
verted  into  thermal  energy.  This  aerodynamic  heating, 
together  with  that  from  solar  radiation,  and  friction 
caused  by  one  layer  of  air  sliding  over  another  in  the 
sharp  velocity  gradient  of  the  boundary  layer,  may 
become  so  severe  that  the  surfaces  or  other  struc- 
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turul  component*  of  (lie  moving  body  may  Ihtiiiih* 
severely  damuged  or  completely  destroyed. 

Ilit*  tempcruture-tinie  history  of  uerodynumir  de¬ 
celeration  dr  vice*  may  hr  studied  by  applying  the 
principle  of  conversation  of  energy,  which  run  he 
expressed  aa;  the  difference  between  (hr  raft*  of 
energy  entering  and  leaving  a  body  muat  be  ei|ual  to 
the  rate  at  which  energy  ia  atoreil  within  the  body. 
In  the  caae  of  a  canopy  moving  through  the  iitmos- 
phere  at  high  apeeda,  there  will  be  u  flow  of  energy 
into  the  canopy  by  convection  from  the  nurrounding 
air,  which  has  been  heated  by  friction  in  the  houndury 
layer  and  compreaaion  in  the  shock  wave;  in  addition, 
heat  will  flow  into  the  canopy  from  aolur  radiation. 
The  only  proceaa  by  which  the  canopy  may  |n«r  heat 
ia  by  radiation  to  apace  and  to  the  eurth  (lief  (4*83)). 

12.1.1  F.NKIWJY  II .OR  INTO  CANOI’Y  BY  CON- 
Y'KC'IION.  The  heat  tranafer  to  a  cunopy  by  con¬ 
vection  may  be  calculated  from  the  following  relation: 


(4-313)  ()r  .  h  Sx  (T^  -  Tv) 


where  ,S’j 


Surface  area  of  body  expoued  to  aero¬ 
dynamic  heating  (aq  ft);  for  hollow  hem- 
■"**L - nl) 


aph 


e  Convection  heat  tranafer  coefficient 
(Btu  per  aec  °F  aq  ft); 

«  Temperature  at  the  walla  (°ll);  and 


■»  Adiabatic  wall  temperature  (°R). 


'Die  adiabatic  wall  or  recovery  temperature,  7^  jp,  ia 
dependent  upon  the  trajectory  of  the  canopy,  and  will 
vary  with  air  density.  It  can  be  expressed  as 


(4-314)  TiV 


where  Tm  r  Free-stream  static  temperature  (°R); 

V m  “  Free-stream  velocity  (fps); 

Cp  m  Specific  heat  of  fluid  at  constant  pres¬ 
sure  (sq  ft  per  sec  per  sec  °H); 

is  m  Recovery  factor; 
y  ■  Ratio  of  specific  heats;  and 
Vm  m  Free-stream  Mach  number. 


inured  while  the  deeelerutor  ia  l«*ing  heuted.  If,  how¬ 
ever,  the  maximum  equilibrium  temperature  exceeda 
the  deaign  limit,  it  ia  then  necessary  to  tackle  the 
more  complex  problem  of  calculating  the  actual  sur¬ 
face  lemprrutures,  including  the  heat-sink  effect  of 
the  deeelerutor  wall. 

12.1.2  CONVFCHVF  IIFAT-THANSFF.H  COKFFI- 
CIKNT.  The  greatest  source  of  uncertainty  in  the 
energy  equation  (4-313)  lies  in  the  determination  of 
the  convective  heat-transfer  coefficient,  since  only 
limited  theoretical  and  experimental  values  ure  uvuil- 
uhle.  However,  some  indication  of  the  magnitude  of 
this  coefficient  can  be  gained  by  analytical  methods. 

A  ribbon-grid  canopy  is  the  most  common  type 
considered  for  supersonic  operations.  At  supersonic 
speeds  the  aerodynamic  conditions  encountered  by 
this  canopy  type,  incorporating  moderate  geometric 
canopy  poronity,  are  essentially  an  follows:  a  de¬ 
tached  shock  occurs  in  front  of  the  canopy;  behind 
this  shock  wave,  the  velocity  of  the  air  relative  to 
that  of  the  canopy  is  reduced  to  subsonic  values. 
Rhile  part  of  this  subsonic  air  flow  spills  over  the 
skirt  edge  of  the  canopy,  the  other  part  is  passing 
through  the  open  spaces  between  the  ribbons  and 
through  the  porous  fabric  of  the  ribbons  themselves. 
Thus,  the  canopy  resembles  a  parous  hemisphere 
subjected  to  an  axially  symmetrical  air  flow  from  the 
direction  of  the  concave  side  of  the  hemisphere.  On 
the  downstream  side,  a  separated  flow  region  exists. 
On  the  upstream  aide  (inside)  of  the  canopy,  the  sta¬ 
tic  pressure  approaches  the  stagnation  pressure  of  the 
air  downstream  of  the  detached  shock.  Fven  at  high 
subsonic  velocities,  the  pressure  ratio  across  the 
canopy  may  become  supercritical  on  the  entire  canopy. 
Therefore,  the  flow  velocities  through  all  open  spaces 
between  the  ribbons  will  approach  sonic  (Ref  (4-56)). 
The  pressure  and  temperature  of  the  air  inside  the 
canopy  depend  on  altitude  and  on  the  velocity  of  the 
canopy.  Heat  will  be  transferred  from  the  hot  air  to 
the  ribbons.  The  combination  of  the  convective  heat- 
transfer  coefficient.  A,  the  sipiificant  length,  /,  and 
the  thermal  conductivity  of  the  fluid,  k,  in  the  form 
hl/k,  is  called  the  Nusaelt  modulus,  or  Nusselt  num¬ 
ber,  Nu  (Ref  (4-86)).  In  practice,  the  Nusselt  number 
is  a  convenient  measure  of  the  convective  heat-trans¬ 
fer  coefficient,  because  once  its  value  is  known,  the 
convective  heat-transfer  coefficient  can  be  calculated 
from  the  relation 


If  as  a  result  of  a  solution  of  7\j|p  (Kq  4-314)  the 
temperature  is  found  to  be  below  the  maximum  allow¬ 
able  temperature  of  the  decelerator  material,  no  fur¬ 
ther  considerations  are  required,  since  the  calculated 
equilibrium  local  instantaneous  temperature  will  be 
well  above  the  actual  surface  temperatures  exper- 


(4-315)  h  -  Nu  4 

The  Nusselt  number  is  a  function  of  several  para¬ 
meters  and  can  be  expressed  by  the  following  dimen¬ 
sionless  relationship  (Ref  (4-87)): 
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(4-316)  Nussclt  number  ( A (J)  /  [I'rutulll  (/V),  Much 

(t I  ).  Reynolds  (K 
**»  £ 

mid  knudseii  (A n) 
n  umhersj 

The  value  of  the  Pruudtl  iiumlirr  I I'r)  under  noriiiiil 
iitmoH|iherii'  pressure  and  temperatures  up  to  ulmiit 
6000  II  in  approximately  0.7.  The  dement  Much  num¬ 
ber  ( If  )  has  only  un  indirect  influence  upon  the  lienl 
transfer  to  the  rildmciH.  cue  fur  cm  it  determined  prefe¬ 
cture  und  temperature  inside  the  canopy  and  liehind 
it.  For  the  flow  cuicl  heat  transfer  around  the  ribband, 
the  pre.cdure  ratio  p(J  p  id  a  incite  him  table  parameter. 
The  Iteynoldd  number  (A’  .)  cledc-rihed  the  fltiw  cun- 
ditiona  around  the  ribbon*  and  id  haded,  in  thin  case, 
upon  the  ribbon  width,  /  and  the  average  velocity  and 
propertied  of  the  flow  through  the  openings  between 
the  ribbons.  For  an  approximate  evaluation  of  the 
conditions  during  descent  at  various  dement  Much 
numbers  and  altitudes,  it  in  convenient  to  define  a 
Iteynoldd  number  IiunccI  on  the  velocity  and  flow  pro¬ 
pertied  in  the  narrowest  cross-section  of  the  jet,  where 
for  supercritical-pressure  ratios,  donic  velocity  exists. 
This  lleynolds  number  is  denoted  as !'  *  „  /f  *  p*  ffp 
values  versus  descent  Mach  number,  )/  ,  for  various 

nu 

altitudes  were  determined  in  lief  (4-8.  turn!  are  plotted 
in  Fig.  4-158.  The  ribbon  width.  /.  was  taken  ta  he 
2.0  in.  The  Knudsen  numhrr  (An)  will  enter  us  a 
parameter  only  at  verv  low  densities.  It  can  he  ex¬ 
pressed  us  a  relation  between  Mach^  number  and  Rey¬ 
nolds  number,  us  for  instunce  If"  He.  Hef  (4-88) 
gives  us  a  critical  value  7f(,  -  10**’.  Since  in  the 
cuse  of  a  ribbon  canopy  in  supersonic  flow,  the  flow 
through  the  openings  has  near  sonic  velocity  (when 
'f  would  equal  I),  continuum  flow  cun  he  expected  to 
exist  for  descent  conditions  at  which  A‘p«  Rp  "*  1000. 

Considering  the  effects  of  various  parameters  upon 
the  heat  transfer  of  a  parachute  ribbon,  the  following 
relation  can  be  expected  (Ref  (4-87)): 

(4-317)  VW(A*f,  P„  Pf) 

This  relationship  was  determined  experimentally;  the 
results  obtained  are  shown  in  Fig.  4-159  for  both  the 
upstream  and  downstream  sides  of  u  ribbon  grid  under 
supercritical-pressure  ratios. 

12.1.3  FNKRGY  FI.0W  INTO  CANOPY  FROM 
SOLAR  RADIATION.  The  heat  flow  into  a  canopy 
by  solar  radiation  muy  be  determined  from  the  relation 

(4-318)  ('r  =  taS2 

where  /  -  Solar  radiation  intensity:  a  reasonable 
estimate  of  its  value  is  425  Htu  per  hr  per 


s(|  It; 

a  -  Absorptivity  of  the  canopy  material;  ab¬ 
sorptivity  values  for  various  materials  may 
be  found  in  (.liaptrr  6;  and 
V)  Projected  area  of  body  in  a  plane  norimil 
to  the  sun's  rays  (sq  ft)  (for  bollow  hemis- 

I’here:  nll2f,  'i). 

12.1.4  KNKRCY  LOSS  FROM  CANOPY  RY  RADIA¬ 
TION  ’IT)  SPACh.  The  energy  loss  from  a  canopy 
bv  radiation  to  space  is  given  by 


<i-31<» 


(J'r  “  O  .Vq  I  (  7  —  / 


space 


where  o  Modified  ''tefan-HoIt/nain  Constant  equul 
to  4.80  x  10  Htu  per  sec  °R^sq  ft; 

i  *  Fmissivity  of  the  canopy  material;  (eniis- 
sivity  values  for  various  materials  innv  be 
found  in  Chapter  6); 


S  «■  Area  of  body  radiating  to  space  (sq  ft); 
(for  hollow  hemisphere;  nl>2  2); 

7V  *»  Temperature  at  the  walls  (°R);  and 
^space  c  Temperature  of  space  (°R). 


Fig.  4-158  Reynolds  Numbers  for  Various  Altitudes 
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12.1.5  ENEI1CY  IX)SS  KHOM  CANOPY  HY  RADIA¬ 
TION  'I’D  THE  EARTH.  ‘Hie  energy  loan  from  a 
canopy  to  the  earth  in  given  by  the  relation 

(4-320)  {)/'  -  o  Fs  t  S4  (Ty4  -  7-4eafUl) 

where  -  Area  of  body  radiating  to  the  earth  (hi]  ft); 
(for  hollow  hemiaphere:  n  j,2  /2);  um] 

F  -  Radiation  ahape-faclor. 

12.1.6  ENERGY  STORED  HY  CANOPY.  The 
rate  at  which  energy  ia  atored  by  a  canopy  ia  given 
by  the  relation 

(4-321)  dE  c  dI* 

dt  '  dt 

where  m  -  Maaa  of  the  canopy  (lb);  and 

C  -  Specific  heat  of  the  canopy  materia!  (Btu 
per  lb  °F). 

12.1.7  TOTAL  ENERGY  BALANCE.  Aa  energy 
balance  can  now  be  written  directly  from  the  above 
equations: 

Energy  Stored  -  Energy  In  —  Energy  Oat 
AT 

(4-322)  mC  _f  -  AS,  (T  Af  -  T§)  ♦ 
dt 

i.s2  - .s3 .  <i>*- - 

Thia  equation  can  now  be  aolved  to  yield  a  tempera¬ 
ture-time  hiatory,  once  the  trajectory  conditiona  are 
known.  In  thia  development  of  the  total  energy  balance, 
it  in  nanumed  that  the  nun  ia  located  vertically  above 
the  vertically  deacending  canopy.  In  a  majority  of 
cmaea  that  conaider  canopy  aarfnce  temperature*,  the 
terms  for  energy  flow  into  the  canopy  by  aolnr  radia¬ 
tion  (Eq  4-318)  and  for  energy  loss  from  the  canopy 
by  radiation  to  the  earth  (Eq  4-320)  can  be  neglected 
nince  their  valnea  generally  are  negligible  compared 
to  those  of  radiation  to  apace  of  heat  canned  by  velo¬ 
city. 

Then 


dT 

(4-323)  mC  — —  -  A  .S’,  (1Agi  —  7’,p)  — 
dt 

a  S,  t  (7'*,  _  7'4  ) 

■»  "  W  apace 

If,  furthermore,  no  heat  in  absorbed  by  the  material 
of  the  canopy,  the  convective  heat  flux  must  be  equal 
to  the  radiant  flux.  Consequently 

(4-324)  ^convected  ™  V  radiated 

or 

(4-325)  AS,  (1iW  -  Tv)  •  oS2  •  (T*v-  T4sp||ce) 

The  temperature  of  space  may  also  be  neglected 
compared  to  equilibrium  temperatures  of  practical 
interest.  Therefore 

(4-326)  AS,  ( TaV  -  Tr)  -  o  S3  r  Tr4 

or  rewritten, 

(4-327)  7*r4  A  S, 

TAt~TW  ot  S3 

Eq  4-327  may  be  solved  for  the  equilibrinm  or  wall 
temperature,  Tj,  by  trial  and  eirar.  An  explicit  soln- 
tion  of  Tff  from  Eq  4-327,  may  be  obtained  asiag  the 
following  equation; 


a  t 


b  «  JL 

o  ( 

Thus,  Eq  4-327  or  4-328  may  be  used  to  predict  the 
maximum  possible  wall  temperature  7y  of  the  canopy 
while  it  is  beating. 

12.2  Samp  In  Calculations.  In  order  to  demon- 
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strati'  the  process  if  c  ill  fill  uli  on .  two  different  cases 
arc  considered. 

12.2.1  (IASI'.  I.  I  li«*  following  conditions  arc 
assumed  la  exist : 

Projected  diameter  of  cunopv  (hemisphere) 

l>v  -  4.0  ft 

Velocity  of  canopy  1  ■-  2000  fps 

Altitude  of  canopy  operation  li  -  29,000  ft 


Applying  I' <|  4-314,  the  adiuliutic  wall  temperature  non 
lie  calculated: 

nl  ‘ 

<  1-120)  -  T  >  —2. 

*  r 

Mused  upon  the  operational  conditionH  unsullied.  the 
following  terms  can  be  defined: 

/  -  Frec-stream  stHtic  temperature  <*  415 "It  fllef 

(4-1); 

n  *■  llecovery  fuctor  *•  0.85  (assumed); 

(.’  *  Specific  heat  of  fluid  ■-  6000  a<|  ft  per  nee 

per  nec  "It; 

y  «  Hatio  of  apecific  heats  of  air  «  1.4;  and 

1/  »  I  rer-Htrraai  Much  number  at  given  altitude 

-  2.0. 


(y- 1)  .,n 

I  4  n  '  a  l/~  | 


Inserting  these  values  into  the  above  equation  yields 
0.85  x  20002 


T  \  ip  “  415  t 


2  x  6000 


415  [1  +  0.85  (Lii_=_l)  (2.0)21-698°H  or  697.2°R 

2 

Since  this  temperature  is  well  below  the  maximum 
allowable  temperature  for  Nylon  (940°R),  it  in  immed¬ 
iately  recognized  that  a  Nylon  canopy  will  not  be 
damaged  by  aerodynamic  heating  under  the  operational 
conditions  specified. 


12.2.2  CASK  II.  The  following  conditions  are 
assumed  to  exist; 

Projected  diameter  of  the  canopy  (hemisphere) 


Geometric  oorosity  of  the  canopy 
Width  of  the  Nylon  ribbons 
Velocity  of  canopy 
Altitude  of  canopy  operation 


n  «  4.0  ft 
-  20% 

l  «  2  in. 

-  4360  fps 
h  -  150,000  ft 


Applying  Kq  4-329,  the  adiabatic  wall  temperature 
may  be  calculated. 


Mused  upon  the  operational  conditions  assumed, 
the  following  terms  can  be  defined: 


T  »  I'ree-utream  static  temperature  *•  502°ll 
(lief  (4-0); 

n  Recovery  factor  ^  0.H5  (Assumed); 

G  «-  Specific  heat  of  fluid  -  6000  sq  ft  per  sec 
per  sec  "II; 

>■  -  Ratio  of  specific  heats  of  air  «*  1.4;  and 

If  >-  I'ree-streum  Mach  number  at  given  altitude  * 
4.0. 


Inserting  these  values  into  the  above  equation  yields 

0.85  x  4360 2  ,  .  .  ,  o 

-  -  502  I  1  +  0.85  (l^-1)  4.02! 

2  x  6000  2 


IK 


502 


-  1849*11  or  1867*11 


This  temperature  value  is  significantly  above  the 
allowable  maximum  temperature  for  Nylon  material 
and  a  closer  approximation  of  the  wall  temperature, 
7’u'.  is  required. 

Mused  upon  the  calculation  of  the  adiabatic  wall 
temperature,  7’^q'.  above,  an  average  value  of  « 
1858*11  is  chosen. 

The  Reynolds  number  of  operation  for  the  condition 
specified  is 


PmVm»  P 

Pm 


where  =  3.415  x  10"**  lb  sec2/ft^ 

(Ref  (4-1)) 

1^  c  4360  fps  ((>iven) 

/)p  ■  4.0  ft  (Given) 

«  3.642  x  1.0'7  lb  sec  per  sq  ft  (Ref  (4-1)) 
(3.415  x  10-6)  (4.36  x  103)  x  4.0 

A  m  «  *7  b 

3.64  x  10'7 
1.635  x  105 

For  the  determination  of  the  average  Nussclt  num¬ 
ber,  the  Reynolds  number  Rf  ,  is  based  upon 

the  ribbon  width,  f,  and  the  average  velocity  of  the 
flow  through  the  openings  of  the  ribbon  grid  (M  -  1). 
From  Fig,  4-158,  and  for  the  operational  conditions 
of  ¥m  »  4.0  and  h  «  150,000  ft,  the  value  of  the  ftey- 
nolds  number,  Rf  ,  is 
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A*  *  -  4.W  x  K):4 

f* 

Kor  thin  Reynolds  number,  (lit-  average  Nussell  num¬ 
ber,  Vu(|v^.  is  (Kin.  4-119): 


Since 


Vu 


u 

k 


It  it*  seen  tliut  tin*  maximum  possible  instuntunfous 
equilibrium  wull  temperature  is  above  the  maximum 
allowable  temperature  for  Nylon  material. 

In  order  to  determine  the  time-temperature  history 
for  the  canopy,  u  trajectory  calculation  for  the  assumed 
operational  conditions  must  be  performed,  and  a  solu¬ 
tion  of  Kq  4-1(27  or  4-328  must  be  obtained. 


SEC.  13  RELIABILITY 


the  convective  heut  transfer  coefficient.  A,  can  be 
calculated: 


A  -  (Su)k 

l 


Kor  free-slream  static  temperature  of  102  H.  k  0.01 2.r> 
Htu  per  hr  cu  ft  u!(. 


Therefore, 

A  - 


(27)  (0.0121) 
(2.0)  (0.0833)  (3600) 


.1.64  *  10"* 


The  instantaneous  equilibrium  wull-temperuture.  ’/jp, 
can  now  be  determined  from  Kq  4-327: 


V  _A  ^ 

r  -ir  ~  Tw  at  s3 

where  i  -  Kmissivily  of  Nylon  ribbon;  chosen  to  be 
0.81; 

•S’,  *  Surface  areu  of  cunopy  exposed  to  aero¬ 
dynamic  heating;  for  this  case  it  equals 

n!)p2/ 2;  and 

.Sq  -  Areu  of  the  canopy  rudiuting  to  space;  for 
this  case  it  equals  np  2  /o 

Therefore, 

V  ()) 

T4W  ~  TW  (4.80x10-13)  (0.81) 


T  4 

*  jp 

1.3824xl09  =  - 

1818  -  Tw 


Solving  this  equation  by  trial  and  error,  the  value  for 
T y  is:  Tffi  *  1045*R 


13.1  Reliability  Requirements.  Aerodynamic  de- 
celerator  reliability  requirements,  for  almost  every 
type  of  application,  are  necessarily  ns  high  or  higher 
than  for  most  types  of  military  equipment  However, 
in  the  analysis  of  a  parachute  or  other  decelerator  de¬ 
sign,  or  of  the  actual  item  of  equipment  during  its 
development,  it  in  necessary  to  quantify  reliability 
requirements;  the  mere  statement  that  "high”  or  "very 
high"  reliability  is  required  is  not  adequate  to  des¬ 
cribe  the  performance  desired  from  a  given  design. 
Thus.it  is  necessary  to  have  some  firm  basis  on  which 
to  measure  the  reliability  requirements  for  a  decelera¬ 
tor  system,  balancing  the  obvious  desire  for  maximum 
reliability  against  possible  penalties  in  weight,  bulk, 
cost,  development  time,  etc. 

The  best  approach  to  the  determination  of  the  mini¬ 
mum  reliability  required  of  a  decelerator  system  is  an 
analysis  of  its  mission.  This  can  be  accomplished  bv 
a  study  of  the  overall  effects  on  the  mission  of  failure 
of  the  decelerator  system.  It  must  consider,  when 
applicable,  the  entire  number  of  such  missions  likeK 
to  be  run,  and  the  balance  of  such  factors  as  cost, 
development  time,  weight,  bulk,  etc.,  against  the  level 
of  reliability  which  can  be  achieved  for  specific  levels 
of  effort  in  each  of  these  directions.  In  this  way  a 
reliability  level  can  be  chosen  within  the  realm  of 
practical  attainment. 

It  in  not  possible  to  lay  down  a  hard-and-fast  set  of 
rules  for  such  an  analysis.  Kach  application  must  be 
considered  within  the  context  of  its  own  specialized 
conditions.  As  was  pointed  out  above,  nil  decelerator 
reliability  requirements  must  be  high.  However,  it  is 
convenient  to  divide  such  high  requirements  into  two 
groups:  ultra-reliability,  and  very  high  reliability.  I’he 
ultra-reliability  group  includes  such  applications  ns 
personnel  parachutes,  special-weapons  parachutes, 
spcce-vehicle-recovery  decelerator  systems,  and  simi¬ 
lar  critical  applications  in  which  costs  are  extremely 
high,  assurance  of  mission  success  must  be  very  high, 
or  human  life  is  involved.  In  general,  it  may  be  said 
that  such  ultra-reliability  requirements  start  with 
reliabilities  higher  than  0.999.  ()f  course,  there  is  no 
practical  upper  limit  on  reliability  other  than  the  per- 
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faction  of  1.0.  la  (be  real  world,  the  latter  ia  virtually 
unobtainable,  bat  requirement*  far  many  critical  appli¬ 
cation*  are  aach  that  it  meat  be  approached. 

The  very  high  reliability  requirement*  are  thoae  of 
the  more  aaaal  parachute  upplicationa  other  than  per¬ 
sonnel:  car |(o  delivery,  missile  and  drone  recovery, 
weapons  delivery,  etc.  Here,  same  of  the  urgency  of 
factors  requiring  virtual  certainty  of  recovery  may  be 
tempered  by  overriding  considerations  of  cost,  devel¬ 
opment  time,  personnel  training,  or  many  of  the  other 
factor*  which  are  involved  in  the  compromises  required 
by  expediency  ia  military  development,  ft  ia  difficult 
to  draw  a  sharp  line  between  ultra-reliability  require¬ 
ments  and  very  high  reliability  requirements;  however, 
the  choice  of  reliability  levels  up  to  0.9Q9  j8  probably 
an  adequate  one  for  most  purposes. 

To  interpret  reliabilities  generally  above  0.999  in 
terms  of  failare  rate  ia  a  relatively  simple  matter: 
this  implies  leas  than  One  failure  may  be  expected  ia 
every  thousand  trials  over  many  thousand*  of  trials. 
The  very  hi^i  reliability  case,  similarly,  may  be  re¬ 
garded  as  that  in  which  a  level  of  oae,  or  possibly 
somewhat  more  than  one  failare  per  thousand  uses  is 
acceptable,  again  in  the  long  run  over  many  thoasaads 
of  uses.  It  mast  be  realized  that  the  reliability  values 
expressed  ia  this  meaner  do  not  refer  to  the  result  of 
a  single  trial  or  even  a  few  trials.  There  ia  no  way  of 
determining  the  reliability  of  a  single  item  used  once; 
whether  the  item  will  work  properly  or  not  can  be  deter¬ 
mined  only  by  using  it  and  examining  the  results.  Re¬ 
liability  refers  to  performance  in  the  long  run;  when 
applied  to  a  single  use,  all  the  reliability  analysis  can 
do  ia  quote  the  “odds"  that  the  usage  will  be  success¬ 
ful. 

13.2  Coumu  of  Unreliability  Three  major 

causes  of  unreliability  in  parachute  operation  may  be 
recognized:  (1)  inadequate  denigu;(2)  materials  failure 
due  to  accident;  and  (3)  human  error  in  parachme  as¬ 
sembly,  packing,  and  use.  In  designing  for  reliable 
perfoimance,  and  in  assessing  the  reliability  of  a 
given  design,  the  possibility  of  failures  from  all  three 
causes  must  be  considered. 

From  the  viewpoint  of  operational  parachutes  and 
other  decelerator  systems,  inadequate  design  is  gen¬ 
erally  not  n  major  failnre-fnctor  in  actual  field  use. 
Since  virtually  every  decelerator  system  goes  through 
a  denial,  a  development,  and  a  shake-down  testing 
period,  design  error*  are  generally  eliminated  in  devel¬ 
opment.  The  exceptions  are  those  cases  in  which  the 
design  can  be  said  to  be  really  marginal,  and  in  which 
the  failure  rate  due  to  the  design  error  is  so  low  as 
to  be  undetectable  even  in  an  adequute  test  program, 
and  indistinguishable  from  accidental  causes. 

Materials  failures  may  be  divided  into  two  clnsses, 


failures  of  the  fabric  and  static -hardware  portions  of 
parachutes,  and  failure*  of  the  mechanical  devices 
which  are  necessary  to  pornebute-eystem  operation. 
Failures  in  the  fabric  portions  of  canopies  are  probably 
the  most  difficult  to  assess  on  a  theoretical  basis. 
First,  experience  indicates  that  fabric  failures  must 
be  considered  from  the  viewpoint  of  critical  or  noa- 
critical  applications  of  the  fabric  in  the  parachute. 
Thus,  for  example,  in  many  missions  the  blowing  sot 
of  a  panel  in  a  canopy  does  not  necessarily  mean  a 
failare  of  the  mission.  If  the  decelerator  function  ia 
merely  to  land  the  load  without  damage  in  a  general 
area,  and  the  decelerator  is  somewhat  over-designed 
(as  is  the  usual  case),  the  loss  of  a  panel  from  the 
canopy  may  not  effect  the  reliability  of  the  parachute 
in  the  mission  at  all.  On  the  other  hand,  in  such  a 
mission  the  failure  of  a  riser  or  a  suspension  line 
could  very  well  result  in  major  damage  or  destruction 
to  the  load,  and  thus  failure  in  the  mission. 

In  the  cases  in  which  both  the  deceleration  of  the 
load  and  the  achievement  of  a  reasonably  precise 
touch-down  point  are  vital  (e.g.,  delivery  of  a  special 
weapon)  failure  of  a  single  panel  might  so  change  the 
trajectory  of  the  parachute  system  and  load  that  the 
mission  would  be  a  failure  even  though  the  decelera¬ 
tion  function  of  the  parachute  had  been  accomplished 
successfully.  Thus,  mission  analysis  in  a  vital  factor 
in  determining  which  specific  types  of  fabric  failure 
cause  parachute  system  failure. 

To  pinpoint  the  exact  reason  for  the  failure  of  n 
fabric  portion  of  a  parachute  is  a  rather  difficult  engi¬ 
neering  task.  However,  irom  a  broader  viewpoint,  it 
can  be  realized  that  the  fabric  portions  of  the  parachute 
have  n  definite  distribution  of  strength  in  each  mem¬ 
ber;  if  the  tensile  strength  of  a  large  number  of  samples 
of  the  fabric  used  for  any  given  member  of  the  canopy 
is  tested  under  conditions  reasonably  simulating  those 
of  actual  use,  it  will  be  found  that  the  strength  will 
vary  over  n  certain  range,  with  the  actual  strength 
values  generally  tending  to  group  around  (a  central 
average.  (Of  course,  in  the  actual  parachute  deaipz 
and  construction,  some  allowance  must  also  be  make 
for  the  effects  of  seams,  hardware  attachments,  etc., 
on  the  strength.) 

A  similar  study  of  the  stresses  which  are  placed  on 
the  various  esnopy  members  during  parachute  deploy¬ 
ment  and  descent  will  indicate  that  for  each  given 
portion  of  the  parachute  deployment  and  operation,  a 
given  range  of  stresses  will  set  on  each  component 
of  the  canopy.  Again,  a  series  of  measurements  will 
tend  to  show  a  range  of  such  stresses  at  any  given 
point,  depending  on  the  specific  conditions  of  each 
deployment,  tumbling  of  the  load,  gusts,  specific  man¬ 
ner  in  whichthe  canopy  unfolds,  etc.  As  in  the  strength 
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cane,  these  values  .uully  will  group  around  it  central 
average  with  both  extremes  considerably  Ima  common 
than  the  mean. 

To  understand  the  reasons  for  many  accidental 
failures  of  fabric  portions  of  parachutes,  it  is  neces¬ 
sary  to  examine  the  relationship  between  the  distribu¬ 
tion  of  the  strength  of  the  material  in  each  portion  of 
the  canopy  and  the  stress  on  each  portion  of  the 
canopy  in  its  operation.  In  every  application  of  the 
parachute  tfiere  in  some  probability  of  very  low  or  very 
high  stress,  but  the  probability  of  the  extremes  is  lean 
than  the  probability  of  a  stress  closer  to  the  average. 
Similarly,  in  every  choice  of  a  specific  piece  of  fabric 
for  the  construction  of  a  canopy  there  is  a  possibility 
of  getting  a  lower-strength  piece  or  a  higher-strength 
piece.  Thus,  it  can  be  seen  that  the  probability  of  acci¬ 
dental  fail  are  will  depend  to  a  considerable  extent  on 
the  probability  of  the  specific  portion  of  the  canopy 
which  feila  being  constructed  of  a  low-strength  piece 
of  material  that  encounters  an  accidentally  high  stress 
daring  the  operation. 

Of  coarse,  everything  possible  should  be  done  in 
parachute  design,  construction,  and  operation  to  mini¬ 
mise  the  possibility  of  selecting  a  low-strength  piece 
of  material  (e.g.,  testing  of  batches  of  material  after 
they  are  awnafactnred  and  before  they  are  used)  and  to 
minimise  the  possibility  of  an  extremely  high  loading 
in  use  by  limiting  the  speed  of  the  aircraft  at  parachute 
release,  by  desifping  the  load  for  reasonably  good 
aerodynamic  characteristics,  etc.).  Indeed,  each  pre¬ 
cautions  may  be  pointed  out  as  the  primary  reason  for 
the  remarkably  high  record  of  reliability  for  parachutes 
in  general.  However,  it  must  be  realised  that,  to  some 
extent  at  leant,  the  failures  which  do  occur  may  be 
caused  by  these  two  factors. 

Failmea  of  the  mechanical  devices  used  in  various 
types  of  parachute  ayatema  are  more  a  straightforward 
problem  than  failures  in  the  fabric  portions.  That  is, 
from  the  viewpoint  of  static  hardware,  items  whose 
functions  me  primarily  passive,  the  cause  of  failure, 
to  a  large  extent,  may  be  attributed  to  the  distribution 
of  strength  and  of  the  stresses  placed  on  the  compo¬ 
nents,  as  in  the  case  of  fabrics.  However,  there  is 
another  class  of  mechanical  device*  which  must  per¬ 
form  active  functions  during  the  deployment  or  opera¬ 
tion  of  the  parachute  system.  This  class  consists  of 
reefing-liae  cutters,  interstage  disconnects,  deploy¬ 
ment-initiation  devices,  etc.  Here  the  reliability  prob¬ 
lem  is  one  of  the  functioning  of  mechanical  devices 
in  an  environment  which  may  include  low  temperatures, 
shock,  vibration,  acceleration,  and  possibly  other 
interfering  factors.  In  such  cases,  assessment  of  re¬ 
liability  is  a  matter  of  testing  adequate  numbers  of 
such  devices  under  conditions  closely  simulating  their 
use  environments  to  determine  the  probability  of  fail¬ 


ure.  Development  of  reliable  devices  is  primarily  a 
problem  of  good  engineering  design. 

The  third  cause  of  parachute  failure,  human  error, 
in  more  difficult  to  deal  with  than  the  purely  mechani¬ 
cal  problems.  Of  course,  human  error  in  the  process 
of  parachute  design  is  part  of  the  design  problem  rather 
than  the  parachute-use  reliability  problem.  However, 
human  error  in  parachute  construction  and  use  is  prob¬ 
ably  one  of  the  primary  causes  of  failure  in  the  opera¬ 
tion  of  many  of  the  most  common  types  of  parachutes, 
including  man-carrying  parachutes  and  cargo  para¬ 
chutes.  lo  considering  the  human-error  factor  in  para¬ 
chute  reliability,  three  major  areas  of  possible  error 
should  be  distinguished:  (1)  error*  in  manufacture  not 
caught  by  inspection  procedures;  (2)  errors  in  rigging 
the  parachute  to  the  load;  and  (3)  errors  in  packing  the 
parachute. 

The  human  error  in  the  manufacturing  process  is 
quite  difficult  to  evaluate  in  reliability  studies.  Here, 
reliability  is  primarily  a  function  of  quality  control  by 
the  manufacturer,  and  also  depends  on  proper  training 
of  manufacturing  personnel  and  on  thorough  and  effec¬ 
tive  inspection.  It  would  appear  that  such  errors  are 
relatively  rare;  in  arecent  study  of  parachute  reliability 
(Ref  (4-89))  it  wan  not  possible  to  isolate  any  such 
cases  in  examining  the  records  of  well  over  5,000 
parachute -uses. 

A  distinction  is  made  between  human  error  in  rigging 
and  human  error  in  packing  primarily  because  a  func¬ 
tional  failure  due  to  an  error  in  packing  can  be  defi¬ 
nitely  detected  in  the  parachute  behavior,  while  a 
failure  due  to  an  error  in  rigging  is  probably  more  read¬ 
ily  traced  to  the  characteristics  of  the  load  rather  than 
the  parachute  itself.  In  the  study  cited  above,  it  was 
found  that  parachute  rigging-errors  which  caused  failure 
of  the  drop  mission  were  most  likely  in  those  air-drop 
applications  in  which  irregularly  shaped  loads  were 
employed.  This  appears  to  be  particularly  true  in  the 
case  of  heavy  vehicles  loaded  on  drop  platforms,  and 
other  types  of  loads  having  protuberances,  sharp  cor¬ 
ners,  and  unsymmetrical  shapes.  In  these  failures,  the 
actual  failure-mechanism  can  usually  be  traced  to  the 
snagging  or  tangling  of  some  portion  of  the  deploying 
canopy  or  lines  on  a  portion  of  the  load. 

While  it  is  true  that  this  latter  failure  causes  un¬ 
reliability  in  the  mission,  the  advisability  of  consider¬ 
ing  such  failures  as  caused  by  unreliability  of  the 
parachute  in  open  to  qoestion.  In  general,  the  rigging 
of  the  parachute  to  the  load  in  cargo  drop,  and  to  per¬ 
sonnel  in  man-carrying  applications,  is  not  under  the 
control  of  the  parachute  design  or  engineering  agency. 
Thus,  the  unreliability  due  to  rigging  error  can  be  cor¬ 
rected  primarily  by  operational  discipline  rather  than 
by  processes  which  can  truly  be  said  to  be  under  engi¬ 
neering  control.  Such  problems  probably  should  not  be 
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roiwiilrreil  uh  h  part  of  the  reliability  uf  the  parachute 
itself,  although  they  are  undoubtedly  a  portion  of  the 
reliability  of  the  miaaion.  digging  problems  in  mony 
other  types  of  parachutes  are  not  as  serious  from  the 
human-error  viewpoint,  For  such  applications  as  mis¬ 
sile  and  drone  recovery,  aircraft  deceleration,  and 
space-vehicle  recovery,  where  the  load  and  parachute 
have  been  designed  as  a  unit,  the  rigging  error  may  be 
considered  as  a  portion  of  the  packing  error. 

Human  error  in  packing  has  been  found  to  be  one  of 
the  major  failure-producing  factors  in  some  types  of 
parachute  reliability  studiesfdef  (4-89)).  Here,  two  dis¬ 
tinct  portions  of  the  packing  process  can  be  recog¬ 
nised  from  the  viewpoint  of  error  control:  (I)the  canopy 
lay-out,  folding,  tying,  and  stowing,  and  (2)  the  in¬ 
stallation  of  hardware  and  auxiliary  devices  required 
for  parachute  operation.  In  the  previously  mentioned 
study  of  heavy-duty  parachute  reliability,  survey  of  the 
records  of  parachute  failures  in  normal  use  indicated 
that  the  majority  of  human-error  failures  in  packing 
were  not  in  the  canopy  portion  of  the  operation,  but 
rather  in  the  auxiliary-device  installation. 

Observation  of  the  packing  process  for  large  and 
complex  parachute  systems  has  indicated  what  in 
probably  the  basic  reason  behind  this  preponderance 
of  error  in  the  installation  of  the  hardware  items:  quali¬ 
ty-control  measures  applied  to  the  parachute-packing 
process  require  constant  inspection  as  each  step  of 
the  packing  proceeds.  Owing  the  lay-out,  examination, 
folding,  sad  stowage  of  the  canopy  the  inspection  pro¬ 
cess  can  follow  each  individual  packing  operation 
quite  closely,  since,  in  general,  the  parts  of  the  canopy 
involved  are  large  and  readily  visible  to  the  inspector. 

However,  when  hardware,  auxiliary  devices,  reefing- 
line  cutters,  and  similar  mechanical  devices  are  in¬ 
stalled,  the  ports  involved  are  usually  quite  small.  The 
operations  required  of  the  parachute  packer  ore  such 
that  frequently  his  hands  hide  the  port  from  the  in¬ 
spector.  Further,  after  the  completion  of  the  operation, 
it  is  sometimes  difficult  for  the  inspector  to  see  all 
portions  of  the  part  clearly.  This  is  particularly  true 
in  the  case  of  canopies  which  must  be  installed  in 
compartments  that  are  in  integral  portions  of  the  load, 
and  where  electrical  connections,  etc.,  must  often  be 
made.  Here,  inspection  becomes  very  difficult  and  it 
appears  entirely  possible  that  the  inspector,  no  matter 
how  diligent,  might  miss  an  error  in  ihe  process  which 
could  eventually  cause  failure  of  the  parachute  in  its 
mission. 

Of  course,  examples  of  such  errors  are  the  exception 
rather  than  the  rule.  The  observed  rate  from  a  study  of 
failure  records  was  about  14  in  over  5500  packings  of 
complex  parachute  systems,  with  an  estimated  100  pos¬ 
sible  opportunities  for  error  in  each  complete  packing. 
Than,  over  n  half  million  chnncea  for  error  were  pos- 


aililc.  However,  in  ultra-reliable  systems  an  error  rate 
of  this  magnitude  may  well  be  the  major  single  cause 
of  unreliability. 

It  would  appear  that  more  inspection  and  closer  in- 
apection  would  not  be  the  key  to  eliminating  entirely 
fnilurea  of  this  type,  (lather,  it  ia  necessary  to  design 
the  parachute  systems  for  inspection  of  the  results  of 
these  portions  of  the  parachute  packing  operation.  This 
requires  the  design  engineer  to  consider  not  only  the 
problems  of  the  parachute  operation  and  packing,  but 
also  the  problem  of  the  inspector  who  must  determine 
whether  the  packing  or  installation  of  the  small  device 
has  been  done  properly. 

13.3  Reliability  AsMsmtnt.  The  assessment 

of  parachute  reliability,  either  from  the  design  prior  to 
the  start  of  the  actual  experimental  development  pro¬ 
gram,  or  from  teat  data  gathered  during  a  developmental 
und  test  program,  is  a  problem  which  must  be  approached 
in  a  logical  step-by-step  manner  if  meaninrful  results 
are  to  be  obtained.  Space  in  not  adequate  in  this  sec¬ 
tion  to  present  detailed  instructions  on  the  complete 
procedure  for  parachute  reliability  assessment.  Instead, 
the  reader  is  urged  to  consult  Ref  (4-89),  which  pre¬ 
sents  a  complete  methodology  for  parachute-reliability 
assessment,  and  many  of  the  necessary  auxiliary  data, 
including  values  for  human-error  rates  observed  in 
parachute  packings,  the  reliability  of  certain  mechani¬ 
cal  devices  commonly  used  in  parachute  systems,  and 
mathematical  tables  wh  ich  facilitate  computations.  The 
discussions  presented  below  are  a  brief  outline  of  the 
major  points  which  must  be  considered  in  the  asses- 
ment  of  parachute  reliability. 

13.3.1  DEFINITION  OF  RELIABILITY.  Reliabili¬ 
ty  is  inversely  related  to  the  expected  rate  of  failure; 
it  can  be  measured  by  subtracting  the  expected  prob¬ 
ability  of  failure  from  unity.  The  important  concept  to 
note  here  i»  the  use  of  the  term  "expected  rate  of  fail¬ 
ure".  The  calculated  reliability  of  a  system  cannot  be 
used  to  forecast,  on  an  absolute  basis,  the  performance 
of  s  single  example  of  that  system  in  a  single  use.  It 
gives  the  "odds”,  but  does  not  foretell  the  result  of 
any  single  event.  It  refers  to  the  rate  of  successful 
uses  to  be  expected  when  a  large  number  of  identical 
systems  are  used,  or  when  a  given  system  is  used  a 
large  number  of  times.  Thus,  reliability  may  be  defined 
aa  the  probability  of  successful  operation  of  the  para¬ 
chute  system  under  given  conditions  in  the  long  run. 

An  examination  of  the  definition  of  reliability  indi¬ 
cates  that  in  itself  it  is  not  adequate  for  the  basis  of 
assessment  of  any  given  parachute  system.  It  is  neces¬ 
sary,  before  starting  the  analysis,  to  choose  the  boun¬ 
daries  defining  the  system.  A  decision  must  be  reached 
by  the  evalnating  agency  as  to  the  exact  point  in  the 
parachute  use  at  which  the  consideration  of  reliability 
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will  start,  and  the  exact  point  at  which  it  will  end. 
For  example,  if  a  nimple  static -line-deployed  syetem 
ia  connidered,  the  reliability  evaluation  may  include 
the  fastening  which  holda  the  end  of  the  static  line  to 
the  aircraft,  or  may  not,  depending  on  whether  the  sya- 
tem  designer  or  evaluator  chooses  to  consider  this  a 
portion  of  the  parachute  system.  Similarly,  if  u  cargo 
parachute-system  has  an  automatic  canopy-release 
which  separates  the  canopy  from  the  load  at  touchdown, 
this  may  or  may  not  be  considered  as  part  of  the  sys¬ 
tem  from  a  reliability  viewpoint,  depending  upon  the 
objectives  of  the  analysis. 

Another  factor  which  is  important  in  the  overall 
definition  of  the  reliability  to  be  assessed  is  the  mat¬ 
ter  of  the  use-conditions  tinder  which  this  reliability 
will  be  considered.  Therefore,  it  is  also  necessary  to 
specify  the  limits  of  applicability  of  the  system  with 
respect  to  the  deployment  speed  and  altitude,  the 
load,  the  permissible  aircraft  maneuvers  during  re¬ 
lease,  etc.  Finally,  as  discussed  previously,  u  defini- 
nition  of  success  or  failure  of  the  parachute  mission 
is  necessary  as  a  yardstick  upon  which  to  base  the 
computations  of  system  reliability. 

13.3.2  HF.l.l ANILITY  DISTRIBUTIONS.  In  any 
given  parachute  mission,  the  reliability  of  each  portion 
of  the  parachute  system  is  determined,  in  effect,  at  a 
virtually  instantaneous  time,  rather  than  over  a  period 
of  time.  For  example,  the  maximum  load  on  the  sus¬ 
pension  lines,  and  thua  the  maximum  probability  of  a 
line  breaking,  comes  either  in  the  opening-ahock  or  in 
the  snatch  force.  Similarly,  the  reefing-line  cutter  is 
called  upon  to  perform  at  a  particular  instant,  and  its 
aucceaa  or  failure  in  this  performance  is  measured  at 
that  instant  rather  than  over  a  time  period.  The  other 
devices  and  components  of  the  parachute  system  are 
also  called  upon  to  perform  or  to  resist  their  maximum 
loads  at  a  virtually  instantaneous  time. 

Consequently,  from  a  reliability  viewpoint,  a  para¬ 
chute  is  a  “one-shot"  system.  When  called  on  to  per¬ 
form  in  its  mission,  its  reliability  is  not  dependent  on 
the  length  of  time  the  mission  will  last,  but  rather  upon 
success  or  failure  in  a  single  operation  at  a  single 
time.  The  distribution  of  the  probability  of  parachute 
failure  can  only  tuke  on  a  finite  number  of  values, 
and  is  called  a  discrete  distribution.  The  probability 
distribution  best  describing  such  a  system  is  the 
Binomial  Distribution,  which  expresses  malhemati* 
cully  the  probability  (/"(*))  that  failure  will  occur 
exactly  x  times  in  S  independent  trials  of  the  system, 
where  p  is  the  expected  probability  of  failure: 

(4-329)  f(x)  -  _2!i-  p*<  1-p)*-* 
x\(N-x)\ 


It  should  be  noted  that  x  ■»  1,2,3  .  .  ,  V,  and  that  if  p  is 
the  probability  of  failure,  then  (1-p)  represents  the 
probability  of  success, 

F.xamination  of  the  expression  for  the  Binomial  Dis¬ 
tribution  given  in  Fq  4-329  indicates  that  both  the 
numerator  and  denominator  of  the  frartion  involved 
contain  factorials,  and  that  when  the  numbers  become 
large,  the  expression  in  rather  difficult  to  evaluate. 
For  cases  in  which  V  (the  number  of  trials)  is  quite 
large  und  (p)(the  probability  of  failure)  is  quitr  small, 
the  Poisson  probability  distribution  is  u  good  ap¬ 
proximation  to  the  binomial: 

(4-330)  fit)  -  — — 

x! 

In  this  distribution,  a  is  the  average  number  of  times 
the  event  (failure)  occurs,  or  the  “expectation”  of  x; 
numerically,  n  °  ,\p.  Since  only  one  factorial  is  in¬ 
volved,  that  of  x,  and  since  x  must  be  small  to  apply 
the  Poisson  distribution  ns  an  approximation  to  the 
Binomial,  it  can  be  seen  that  numerical  manipulations 
are  considerably  simplified  by  the  approximation. 

13.3.3  SiNGI.F-IiSF.  VERSUS  MULTIPLE-USE. 

One  important  factor  governing  the  application  of  re¬ 
liability  methods  to  parachute  missions  must  be  con¬ 
sidered  before  the  discussion  of  the  details  of  re¬ 
liability  assessment;  the  condition  of  the  parachute  at 
the  start  of  the  mission.  Some  types  of  parnebutes  (for 
example,  those  which  are  used  to  decelerate  weapons 
and  ore  destroyed  in  the  process  of  use)  must  be  new 
at  the  start  of  each  misaion.  Others,  such  as  the  usual 
man-carrying  parachutes,  aircraft-deceleration  para¬ 
chutes,  and  cargo  parachutes,  may  be  used  for  a  num¬ 
ber  of  missions.  In  the  single-use  cases,  since  all  the 
parachutes  are  new  at  start  of  the  mission,  it  may  be 
assumed  that  all  have  equal  reliability.  Of  course,  if 
the  parachute  has  been  subjected  to  severe  environ¬ 
ments  in  storage  (high  temperature,  acid  fumes,  etc.), 
this  assumption  will  not  be  valid.  However,  such  situa¬ 
tions  are  not  legitimately  a  portion  of  a  reliability  in¬ 
vestigation,  since  (1)  they  are  analogous  to  the  inade¬ 
quate-design  situation  and  are  not  actually  related  to 
the  parachute;  and  (2)  they  are  isolated  instances 
which  cannot  be  controlled.  Thus,  to  make  the  para¬ 
chute -reliability  assessment  fensible  at  all,  it  must 
be  assumed  that  accidental  damage  or  deterioration 
during  storage  after  packing  has  not  occured. 

In  the  case  of  the  multiple-use  parachute,  it  is 
necessary  to  establish  the  effect  of  prior  use  on  re¬ 
liability.  Such  factors  as  wear,  age,  damage  on  land¬ 
ing,  weakening  of  fabric  members  by  previous  loading, 
and  effects  of  exposure  to  sunlight  during  previous 
uses  must  be  evaluated  with  respect  to  their  effects 
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on  overall  reliability.  The  problem  here  in  one  of  de¬ 
termining  whether  the  inspection  and  repair  process 
which  follows  the  parachute-use  prior  to  pucking  for 
the  next  mission  returns  the  parachute  to  the  equiva¬ 
lent  of  new  condition.  Thin  is  a  matter  which  will  be 
determined  by  the  facts  of  the  individual  case.  If  it  is 
found  that  the  re-used  parachute  is  eipiivalent  from  a 
reliability  viewpoint  to  a  new  parachute,  then  the  anal¬ 
ysis  proceeds  us  if  the  parachute  were  a  single-use 
item.  If  it  is  found  thnt  inspection  and  repair  does  not 
return  the  parachute  to  its  “as-new"  condition,  then 
some  allowance  must  be  made  for  the  deteriorating 
effect  of  prior  use  in  assessing  the  parachute  relia¬ 
bility. 

13.3.4  OVERALL  SYSTKM  R  Kid  ABILITY.  The 
simplest  case  in  the  evaluation  of  the  reliability  of  a 
parachute  system  is  that  of  a  single-canopy  system 
which  has  been  tested  a  number  of  times  under  rea¬ 
sonably  close  conditions  of  operation  of  load,  altitude, 
velocity  of  release,  and  aircraft  attitude  at  release. 
Under  these  conditions,  the  simplest  estimate  of  para¬ 
chute  failure  rate  in  the  actual  failure  rate  observed: 
the  number  of  failures  observed  divided  by  the  total 
number  of  drops.  The  reliability  is  this  value  subtract¬ 
ed  from  unity.  'Ihie  gives  a  “point  estimate”;  that  is, 
a  reliability  value  given  as  a  single  number  based  on 
the  available  number  of  trials.  For  some  purposeti,  es¬ 
pecially  if  only  a  crude  estimate  of  reliability  ix  re¬ 
quired,  this  “beat  estimate”  in  satisfactory.  It  must 
be  realized,  of  course,  that  the  accuracy  of  such  a 
point  estimate  or  bent  estimate  depends  upon  the  num¬ 
ber  of  trials  which  were  made. 

Such  an  estimate  of  reliability  haa  several  advan¬ 
tages:  it  is  relatively  simple  to  compute  and  can  utilize 
any  consistent  data  that  are  available.  However,  it 
must  be  realized  that  the  single-number  value  repre¬ 
senting  the  reliability  gives  no  information  about  the 
degree  of  confidence  that  may  be  placed  in  this  num¬ 
ber  as  a  true  measure  of  the  potential  performance  of 
the  system.  It  is  quite  possible  that  the  true  relia¬ 
bility  is  either  lower  or  higher  than  the  given  maxi- 
mum-likelihood  estimate,  since,  in  theory,  reliability 
expresses  the  probability  of  a  given  number  of  suc¬ 
cesses  in  all  possible  uses  of  the  parachute  system, 
while,  for  most  practical  cases,  the  test  data  available 
represent  only  s  small  fraction  of  all  possible  uses. 
But  the  point  estimate  does  have  legitimate  use  in  re¬ 
reliability  assessment  of  parachute  systems,  because 
when  only  limited  test-data  are  available  it  is  often 
die  only  assessment  which  can  be  made;  even  with 
ample  data,  it  provides  a  rapid  method  for  determining 
whether  or  not  reliability  requirements  are  being  met. 

To  take  into  account  the  possibility  that  the  true 
reliability  may  be  either  lower  or  higher  than  the  maxi¬ 


mum-likelihood  (point)  estimate  computed  from  a  single 
aeries  of  trials  by  the  simple  method,  a  more  refined 
measure  of  reliability  is  needed.  The  basis  for  this 
type  of  reliability  value,  the  confidence-interval  esti- 
timate,  may  be  understood  by  realizing  that,  roughly 
speaking,  if  an  estimate  of  the  reliability  of  a  syatem 
in  made,  there  is  associated  with  that  estimate  a  prob¬ 
ability  of  it’s  being  incoirect.  The  lower  snch  an  esti¬ 
mate  of  reliability  (expressed  as  a  probability  of  “at 
least”  a  given  fraction  of  successes),  the  higber  isthe 
probability  of  the  estimate  being  correct.  The  estimate 
of  the  reliability  can  be  denoted  in  the  present  case 
by  Kpi  the  probability  of  the  estimate  being  correct 
will  be  called  the  confidence  coefficient  (denoted  by 
the  subscriptgl.the  interval  between  the  reliability 
value  given  and  unity  is  called  the  confidence  interval. 
A  probabilistic  interpretation  of  these  concepts  is  that 
if  in  many  empirical  trials  withF  failures  out  of  a  total 
of  N  trials,  the  reliability  is  estimated  to  be  at  least 
then  the  estimate  will  be  correct  on  the  average 
oi  at  least  g  (per  cent)  of  the  time. 

In  order  to  compute  Rg,  it  must  be  recalled  that  if 
the  true  reliability  is  R,  then  in  a  single  aae  of  the 
system  the  probability  of  failure  is  (1  ~R)  and  the  prob¬ 
ability  of  success  in  R.  Using  the  Binomial  Diatribn- 
tion  described  above,  the  probability  of  F  or  less  fail¬ 
ures  in  N  trials  is  given  by: 


(4-331) 


AM  (1 -If) '/?***' 


As  R  decreases,  the  values  obtained  from  Eq  4-331 
also  decrease;  the  estimate  Rg  will  be  that  value  of  R 
which  causes  Kq  4-331  to  be  equal  to  1-g,  for  then  the 
probability  of  obtaining  more  than  F  failures  in  N  tests 
will  be  g.  If  F  is  small  while  N  is  large  (that  ia,  if 
there  are  not  many  failures  in  a  large  n amber  of  para¬ 
chute  uses)  the  Poisson  approximation  to  the  Binomial 
may  be  used: 


(4-332)  1-g  « 


i 


/V*  (1  -ft)*eft 
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When  Rg  is  computed  from  Eq  4-332,  it  is  possible 
to  state  that  the  reliability  lisa  between  Rg  and  1,  with 
the  assurance  of  being  correct  given  by  the  confidence 
coefficient,  g. 

To  facilitate  computations  of  Rto  a  given  confidence 
coefficient,  tables  have  been  developed  and  are  pre¬ 
sented  in  Ref  (4-89).  Values  taken  from  these  tables 
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for  90,  95,  and  99  per  cent  confidence  coefficient*  are 
plotted  in  h’ig.  4-160,  To  calculate  the  reliability  at 
the  selected  confidence-coefficient  from  N  triala  with 
F  failure*,  the  plot  ia  entered  at  F,  and  the  value  for 
the  computation  factor  read  from  the  appropriate  curve, 
'rhea,  reliability  with  the  choaeu  confidence  coeffi¬ 
cient,  Ag,  ia  computed  from 


(4-333> 


computation  factor 
,V 


The  choice  of  the  confidence  coefficient  for  uae  in 
interval  reliability-enalysea  depends,  to  some  extent, 
upon  the  objectives  of  the  evaluation.  Of  courae,  any 
desired  confidence-coefficient  may  be  used  in  the  cal- 
caicuiations,  although  in  practice  the  choice  of  a  100 
per  cent  confidence-level  will  obviously  result  in  a 
reliability  of  sera,  aaless  the  parachute  under  analysia 
ia  absolutely  perfect  and  can  never  fail.  In  die  choice 
of  a  confidence  coefficient  for  calculations,  it  mast  be 
realised  that  the  higher  the  confidence  coefficient 
used,  the  lower  the  reliability  computed  for  the  same 
set  of  data  (and  the  higher  the  failire  rate),  aod  vice 
versa. 


NUMBER  Of  FAILURES  (F) 
fig.  4-160  Reliability  from  a  Series  of  Trials 


The  choice  of  confidence  coefficient  in  practical 
cases  tends  to  be  dictated  by  the  amount  of  test  data 
available  for  the  evaluation.  As  can  be  seen  from  Kig. 
4-161,  the  data  required  to  demonstrate  high  reliability 
with  very  hifd>  confidence  is  quite  extensive,  even  if 
no  failure*  at  all  are  encountered  in  the  testing.  Thus, 
unless  the  test  data  can  be  obtained  from  other  trials 
of  the  system,  made  for  purposes  other  than  reliability 
testing,  the  cost  of  doing  the  testing  is  probably  the 
controlling  factor  in  the  choice  of  confidence  coeffi¬ 
cient.  Studiea  of  the  amount  of  testing  required 
versus  the  optimum  confidence-coefficient  for  cal¬ 
culation  (Hef  (4-89))  indicate  that  90  per  cent  con¬ 
fidence  is  probably  the  best  choice  for  moat  com¬ 
putations  of  reliability.  By  working  at  this  level, 
the  evaluating  agency  gets  the  greatest  return  for  a 
given  amount  of  test  effort. 

The  major  advantage  of  the  confidence-interval  esti¬ 
mate  of  reliability  over  the  point  estimate  is  the  fact 
that  the  confidence  coefficient  expresses  the  degree 
of  reliance  which  the  evaluating  agency  may  place  in 
its  results.  Obviously,  if  the  reliability -evaluation  of  a 
given  parachute  system  is  based  only  on  a  limited 
number  of  trials,  there  is  the  possibility  that  in  the 
next  series  of  trials  the  results  will  be  somewhat  dif¬ 
ferent.  The  point-estimate  tends  to  ignore  this  fact; 
the  confidence-interval  estimate  expresses  numerically 
the  probability  that  the  failure  rate  on  the  next  series 
of  trials  may  be  different  from  that  used  in  the  com¬ 
putations.  The  disadvantages  of  the  latter  estimate, 
of  course,  are  the  requirement  for  larger  amounts  of 
data,  and  a  somewhat  more  complex  method  of  compu¬ 
tation. 

In  the  discussion  of  both  point  estimates  and  confi¬ 
dence-interval  estimates  sbove,  the  viewpoint  taken 
was  that  of  the  single-canopy  system.  In  many  para¬ 
chute  applications,  instead  of  a  single  canopy,  multi¬ 
ple  canopies  are  used,  either  in  clusters  or  in  sequence. 
Reliability  data  obtained  on  a  single  canopy  may  be 
applied  to  either  type  of  multiple-canopy  used,  if  due 
allowance  is  made  for  the  effects  of  simultaneous  or 
sequential  use  of  the  canopies  on  the  reliability  of  the 
complete  system. 

In  the  case  of  canopies  in  clusters,  it  is  necessary 
to  determine  the  number  of  canopies  which  must  operate 
successfully  to  decelerate  the  load  to  the  velocity  re¬ 
quired  for  a  successful  drop.  If  it  is  found  that  all 
canopies  which  are  used  must  operate,  then  the  overall 
reliability  of  a  system  with  clustered  canopy  system, 
Rm,  is  equivalent  to  the  reliability  of  an  individual 
canopy,  R,  raised  to  the  power  of  the  number  of  cano¬ 
pies  used,  N,: 


(4-334)  Rm  -  RN 
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Fig.  4-161  Reliability  Levels  for  a  Series  of  Tests  With  and  Without  Failures 


If  n  successful  drop  requires  fewer  than  the  total 
number  of  canopies  aaed (a  -  number  actually  required), 
the  overall  reliability,  R'm,  of  the  aystem  may  be  cal- 
culnted  from: 

N 

« "  S'' 

r  ■»  at  +  1 

where 

Pj  m  Probability  of  failure  of  the  entire  cluster; 
pf  m  Probability  of  failure  of  r  identical  canopies; 

N  «  Number  of  canopies  in  the  cluster;  and 

m  m  Maximum  number  of  canopies  than  can  fail  with¬ 
out  affecting  the  success  of  the  mission. 


Then  the  overall  reliability  of  the  system,  R’m  (when 
N  exceeds  n),  can  be  expressed 

(4-335)  R’m  -  1  -  pd 

In  the  case  of  multi-stage  systems,  in  which  each 
canopy  must  open  sequentially  to  decelerate  the  load, 
the  reliability  of  each  canopy  is  considered  as  a  series 
term  in  a  simple  product-model  (see  below). 

13.3.5  COMPONENT  RELIABILITY  ANALYSIS. 

The  case  in  which  there  are  sufficient  test  data  on  the 
complete  parachute  system  to  allow  assessment  of  re¬ 
liability  on  either  a  point  or  a  confidence-interval 
basis  is  the  exception  rather  than  the  rule.  Of  course, 
in  the  analysis  of  parachute  designs  before  the  system 
is  actually  built  and  tested,  there  can  be  no  test  data. 
In  the  case  of  systems  under  development,  the  tests 
are  generally  conducted  at  varying  altitudes  and  speeds, 
and  under  varying  load-conditions  to  establish  engi* 
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neering  parameters,  so  that  the  datu  are  rarely  collect¬ 
ed  under  conditions  homogeneous  enough  to  allow  good 
reliability  estimation.  Thus,  it  is  necessary  to  have 
some  other  method  of  assessing  the  reliability  of  para¬ 
chutes. 

13.3.5.1  Product  Rule.  Since  any  parachute  sys¬ 
tem  may  be  resolved  into  a  series  of  individual  com¬ 
ponents,  and  since  it  can  be  demonstrated  that  the  re¬ 
liability  of  the  overall  system  is  equivalent  to  the 
product  of  the  reliability  of  each  of  its  individual 
components  (Ref  (4-90)),  an  analysis  of  the  reliability 
of  the  components  of  the  system  allows  the  synthesis 
of  a  reliability  value  for  the  complete  system.  The 
basic  mathematical  model  used  in  this  case  is  simple; 
the  system  reliability  (R)  is  equal  to  the  product  of  the 
component  reliabilities  (Rc): 

(4-336)  Jf-  «RC 

This  model  allows  the  reliability  evaluation  to  take 
into  account  all  of  the  mechanical  factors  involved  in 
the  parachute  operation  from  the  start  of  deployment 
until  touch-down, or  during  any  portion  of  the  operation 
desired,  as  the  basis  for  the  reliability  evaluation. 
However,  as  pointed  out  at  the  beginning  of  this  sec¬ 
tion,  a  major  factor  in  parachute  reliability  is  human 
error  in  the  parachute -packing  process.  Thus,  it  is 
necessary  to  introduce  another  term  in  the  model  to 
take  into  account  the  probability  of  failure  due  to  this 
human  error.  This  term,  called  the  operational  relia¬ 
bility  term,  R^,  is  used  as  an  additional  portion  of  the 
product  expression: 

(4-337)  R  -  Rp”Rc 

If  desired,  an  additional  term  may  be  included  in 
this  model,  as  another  factor  in  the  product,  to  repre¬ 
sent  the  probability  of  an  error  in  rigging  causing  sys¬ 
tem  failure.  As  discussed  previously,  this  is  a  matter 
of  choice  on  the  part  of  the  evaluating  agency.  Gen¬ 
erally,  rigging  errors,  which  seem  to  occur  most  often 
in  parachutes  which  are  used  for  heavy-cargo  drops, 
are  not  considered  part  of  the  parachute-reliability 
study. 

13.3.5.2  Evaluation  of  Component  Termt.  The 
evaluation  of  the  terms  in  the  model  in  the  process  of 
reliability  analysis  of  a  specific  parachute-system  may 
be  divided  into  two  major  types  of  tasks;  (1)  the  eval¬ 
uation  of  component  terms;  and  (2)  the  evaluation  of 
the  operational  term.  In  such  an  evaluation,  it  is  pos¬ 
sible  to  work  toward  a  point-estimate  or  a  confidence- 
interval  estimate  of  the  system  reliability,  although, 
of  course,  the  data  requirements  for  an  interval -esti¬ 


mate  are  considerably  more  stringent  than  for  a  point- 
estimate.  In  general,  when  parachute  designs  ore  being 
evaluated  for  potential  reliability  prior  to  the  actual 
construction  of  hardware,  it  will  be  quite  difficult  to 
obtain  enou|d>  data  of  the  type  required  to  permit  con¬ 
fidence-interval  estimates,  unless  the  parachute  sys¬ 
tem  uses  at  least  some  components  that  have  been  pre¬ 
viously  used  in  other  systems,  and  for  which  perfor¬ 
mance  data  are  available.  In  the  cane  of  parachute  sys¬ 
tems  which  are  in  the  development  or  test  phases,  and 
upon  which  some  performance  data  are  available,  con¬ 
fidence-interval  estimates  of  reliability  can  be  made 
in  a  great  many  cases. 

For  the  analysis  of  the  reliability  of  a  parachute 
system  using  the  product-rule  reliability  model  (for 
either  point  or  confidence-interval  evaluations)  data 
will  be  required  on  the  performance  of  all  critical  com¬ 
ponents  of  the  parachute  system;  generally,  this  in¬ 
cludes  the  suspension  lines  and  risers,  the  hardware 
devices  which  are  critical  to  system  operation,  and 
any  mechanical  actuators,  control  components,  etc., 
which  must  operate  properly  for  the  system  to  perform 
its  mission  successfully.  (It  is  not  necessary  to  have 
performance  data  on  every  component  of  the  parachute 
system  to  evaluate  reliability;  only  those  components 
most  likely  to  experience  failures  ore  actually  studied 
in  detail  in  the  analysis  —  see  below.) 

The  best  data  for  Use  in  the  reliability  analysis  is 
actual-performance  data  obtained  on  the  components 
in  previous  use  under  conditions  similar  to  the  aae  of 
the  system  under  analysis,  or  in  testa  which  closely 
simulate  the  conditions  of  use.  In  some  cases,  it  is 
possible  to  obtain  such  data  on  virtually  every  com¬ 
ponent  of  the  parachute  ayatem;  this  is  true  for  those 
systems  which  are  made  up  of  components  which  have 
been  used  in  other  systems.  Generally,  however,  for 
systems  which  are  relatively  new  in  design,  such  data 
will  be  available  only  for  the  standardised  hardware 
items  such  as  reefing-line  cutters,  interstage  discon¬ 
nects,  or  standard  components  from  which  such  dis¬ 
connects  are  built  up,  and  similar  components.  Despite 
the  small  size  of  these  components  in  relation  to  the 
major  canopy,  if  their  function  is  essential  to  the 
operation  of  the  system  their  importance  from  a  re¬ 
liability  viewpoint  is  as  great  as  that  of  the  canopy. 

fhere  test  data  are  available,  the  reliability  of  the 
part  is  computed  in  precisely  the  same  manner  ns  for 
the  reliability  of  the  overall  system  as  disenssed  in 
13.3.4  above.  For  a  point-estimate,  the  failnre  rate  of 
the  observed  sample  is  taken  as  the  desired  component- 
failure  rate.  For  a  confidence-interval  estimation  the 
data  in  Fig.  4-160  are  applicable  (although  in  actual 
computations  the  tables  presented  in  Ref  (4-89)  should 
be  used). 
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FREQUENCY  OF 
OCCURRENCE 


Fig.  4-162  The  Normal  Dittribution 


In  many  actual  caaea  of  reliability  analysis  of  new 
parachutes,  either  in  the  design  stage  or  in  actual 
development-testing,  it  will  be  found  that  while  relia¬ 
bility  data  can  be  developed  for  moat  mechanical  and 
hardware  components,  the  canopy  and  its  suapension 
lines  (and  generally  the  risers,  if  any)  are  unique,  and 
have  not  had  enough  use  or  testing  to  allow  reliability 
analysis  from  actual  performance  data.  In  such  cases, 
if  even  limited  test-data  are  available,  it  in  possible 
to  use  a  method  of  analysis  which  compares  the  dis¬ 
tribution  of  the  loads  on  the  suspension  lines,  risers, 
etc.,  as  determined  by  test,  with  the  distribution  of 
the  strength  of  the  components  under  study  determined 
from  tests  of  the  materials  from  which  they  are  con¬ 
structed  and  from  other  considerations  to  be  discussed 
below.  Studies  of  suspension-line  and  riser  load-dis¬ 
tributions  and  of  the  strength  disfributiona  of  parachute 
fabrics  (Hef  (4-89))  indicate  that  both  theae  distributions 
are  essentially  normal;  that  is,  the  spread  of  values 
obtained  from  a  large  seriea  of  tests  may  be  described 
by  the  normal  probability  density  function  (Ref (4-91)): 

1  (*-»)^ 

(4-338)  f(%)  -  — =.  exp - - 

of*  2  o2 

where 

o  ■  Standard  deviation  of  x;  and 
x  ■=  Mean  of  x. 


The  chiirnrteriatirn  of  this  probability  function  are 
such  that  for  any  given  series  of  test  results,  the 
jirobability  of  occurrence  of  a  specific  vslue  is  equi¬ 
valent  to  the  integral  from  zero  to  the  desired  value, 
or  equivalent  to  the  area  under  the  normal  curve  up  to 
the  ordinate  of  interest  (see  Kig.  4-162).  Thus,  if  the 
distribution  of  stresses  on  the  suspension-line  or  riser 
and  the  diatribution  of  strength  of  die  materials  from 
which  it  is  made  are  both  normal  and  are  plotted  on  the 
-ou-ir  set  of  axes,  the  probability  of  die  stress  exceed¬ 
ing  the  strength  is  equivalent  to  the  area  of  intersec¬ 
tion  of  the  two  distributions  (l'ig.4-163).The  probability 
of  failure  may  be  analyzed  by  studying  the  charncteris- 
tics  of  the  strength  distribution  and  stress  diatribution- 
for  a  specific  canopy. 

Methods  for  performing  this  analysis,  and  tables 
and  graphs  which  facilitate  computation,  ore  presented 
in  Kef  (4-89).  The  data  requirements  are  essentially  a 
series  of  test  results  on  samples  of  the  parachutes, 
obtained  under  reasonably  consistent  conditions,  and 
information  on  the  strength  distribution  of  the  fabric 
materials,  'lest  results,  of  course,  must  be  obtained 
from  a  specific  test-program; one  is  generally  conducted 
during  the  parachute-development  process.  Data  on 
strength  of  materials,  including  both  means  and  stand¬ 
ard  deviations  as  required,  are  presented  in  Ref (4-89) 
for  most  of  the  commonly  used  parachute  webbings, 
tapes,  and  cords. 

It  must  be  realized  that  the  construction  of  the  para¬ 
chute  does,  to  some  extent,  change  the  strength  char¬ 
acteristics  of  the  fabrics  from  which  they  are  made. 
The  primary  problems  here  are  the  effects  of  sewing 
on  fabric  strength  and  the  effects  of  the  use  of  mul¬ 
tiple  layers  of  fabric  on  both  strength  and  standard 
deviation  of  strength.  Means  for  allowing  for  such  fac¬ 
tors  are  discussed  in  detail  in  Ref (4-89),  based  on  the 
results  of  studies  of  stress  on  materisls  described  in 
Ref  (4-92)  and  (4-93). 

Where  test  data  from  which  load-distribution  infor¬ 
mation  can  be  derived  are  not  available,  it  is  possible 
to  utilize  engineering  estimates  of  component  relia¬ 
bility  for  those  portions  of  the  system  for  which  no 
data  can  be  obtained.  This  rvill  usually  be  the  case  in 
reliability  analyses  of  parachute  designs  prior  to  the 
start  of  development,  and  possibly  in  the  case  of  items 
in  development  for  which  test  programs  have  not  yet 
been  run.  These  estimates  should  be  based  on  per¬ 
formance  records  of  similar  components,  engineering 
analysis  of  the  design,  and  experience  with  reliability 
prediction.  Of  course,  it  will  not  be  possible  to  utilize 
such  data  in  interval-type  estimates,  but  they  are 
adaptable  to  point-estimates  if  no  other  means  of  re¬ 
liability  analysis  of  the  specific  component  are  pos¬ 
sible.  Such  estimates  should  be  used  with  caution, 
since  it  must  be  realized  that  the  reliability  of  every 
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component  of  the  parachute  system  is  important  to 
overall  reliable  performance  in  the  miaaion. 

13.3.5.3  Evaluation  of  Operational  Terms.  'Hie 
operational  term  in  the  product-reliability  model, 
represents  the  probability  of  correct,  error-free  packing 
of  the  parachute  into  ita  deployment  bag  or  other  con¬ 
tainer.  According  to  the  deaireaof  the  evaluating  agen¬ 
cy,  and  if  data  are  available,  it  may  also  include  the 
probability  of  correct  stowage  of  the  deployment  bag 
into  a  compartment  on  the  load,  such  aa  the  recovery- 
parachute  compartment  in  the  drone  or  miaaile,  the 
deceleration-chute  compartment  in  an  aircraft,  or  the 
parachute  compartment  of  a  apecial  weapon. 

Implicit  in  thia  term  ia  the  aaaumption  that  if  the 
parachute  is  properly  stowed  in  ita  container,  the  de¬ 
ployment  process  will  proceed  successfully.  This 
means  that  the  reliability  evaluation  ia  assuming  that 
the  design  of  the  deployment  bag  or  other  container  ia 
adequate  for  successful  operation  of  the  system.  Such 
an  assumption  must  be  based  on  a  program  of  good  de¬ 
ployment-bag  design  and  adequate  teating  to  inaure 
that  the  design  is  succeasfal.  With  parachute  systems 
in  the  development  process  thia  is  no  problem,  since 
if  the  canopy  does  not  deploy  from  the  bag,  it  ia  ob¬ 
vious  that  further  reliability  teating  in  useless.  Front 
the  viewpoint  of  the  parachute  system  in  the  design 
stage,  prior  to  construction,  this  means  that  the  relia¬ 
bility  being  evaluated  is  “inherent"  reliability;  thnt 
ia,  the  reliability  which  con  be  achieved  with  proper 
deployment-bag  and  stowage  design. 

The  evaluation  of  the  operational  terras  should  be 
based  on  a  statistical  study  of  previous  packings  of 
similar  canopies  in  similar  systems.  Data  for  the  pack¬ 
ing  of  relatively  large  canopies,  such  as  might  be  used 
in  cargo  drops,  miaaile  and  drone  deceleration,  air¬ 
craft  deceleration,  and  weapons  delivery  have  been 
collected  and  analysed  and  are  presented  in  Ref  (4-89), 
These  data  are  in  a  form  that  can  be  directly  applied 
to  most  types  of  parachute  analyses.  In  considering 
personnel  parachutes,  it  is  strongly  recommended  thpt 
a  similar  type  of  study  be  done  on  packing  errors  in 
personnel  canopies,  since  here  the  characteristics  of 
the  canopy,  and  possibly  of  a  portion  of  the  parking 
process,  are  somewhat  different. 

In  the  analysis  of  multiple-canopy  systems,  it  is 
necessary  to  include  one  packing-term  in  the  reliability 
model  for  each  canopy  used.  This  creates  no  addi¬ 
tional  complexity,  since  if  the  canopies  are  of  similar 
type,  the  same  reliability  value  for  the  packing  process 
can  be  used  for  each. 

13.3.5.4  Computation  of  Reliability.  The  compu¬ 
tation  of  system  reliability,  once  data  on  ail  component 
reliabilities  and  on  operational  reliability  have  been 
obtained,  is  a  relatively  simple  process.  As  can  be 
seen  from  F.q  4-337,  the  overall  reliability  is  the  pro¬ 


duct  of  all  the  component  reliabilities  and  the  opera¬ 
tional  reliability.  However,  for  n  system  with  a  large 
number  of  components,  this  computation,  while  not 
complex,  can  be  extremely  laborious  if  one  term  ia  in¬ 
cluded  for  each  component.  The  computing  procesu 
can  be  shortened  considerably  by  including  only  those 
terms  in  the  model  which  ore  of  numerical  significance 
in  calculating  the  results.  Obviously,  those  compo¬ 
nents  of  the  system  with  very  high  reliability  will  not 
n,ffrct  the  overall  system  reliability  to  any  significant 
degree  if  components  of  lower  reliability  are  also 
present.  (The  numerical  values  of  reliability  range 
from  xero  to  unity;  it  is  obvious  that  the  lowest  com¬ 
ponent-reliability  will  have  the  greatest  effect  on  over¬ 
all  system  reliability.  For  example,  if  a  system  is  com¬ 
posed  of  three  components  with  reliabilities  of,  say, 
0.999,  0.999,  and  0.900  respectively,  the  overall  relia¬ 
bility,  the  product  of  the  three  numbers,  will  be  0.898, 
which  differs  by  only  2/10  of  one  per  cent  from  the 
value  for  that  of  the  lowest  component,  0.900.) 

Thus,  a  preliminary  analysis  of  the  parachute  sys¬ 
tem  in  which  all  components  are  divided  into  two  major 
goups,  those  of  extremely  high  reliability,  and  those 
which  have  a  possibility  of  having  lower  reliability, 
will  eliminate  a  considerable  portion  of  the  computa¬ 
tions.  It  is  not  possible  to  write  hard-and-fast  rules 
for  the  claasifi cation  of  components  in  this  process. 
The  experience  and  judgment  of  the  engineerevaluating 
this  system  is  the  key  factor  in  making  such  decisions. 
However,  it  may  be  pointed  out  that,  in  general,  fail¬ 
ures  which  will  affect  mission  success  of  hardware 
items,  deployment  bags,  reefing  lines,  break  cords, 
radial  canopy-reinforcements,  and  other  similar  com¬ 
ponents  appear  to  be  so  rare  as  to  be  generally  neg¬ 
ligible  unless  the  parachute  system  is  of  unusual  de¬ 
sign.  On  the  other  hand,  consideration  of  the  failure 
rates  of  such  components  as  risers,  bridles,  suspension 
lines,  reefing-line  cutters,  and  mechanical  disconnects, 
will  probably  be  retpiired  for  moat  systems. 

A  preliminary  qualitative  analysis  of  a  parachute 
system  to  select  those  components  known  to  be  very 
highly  reliable  can  thus  eliminate  terms  for  these  com¬ 
ponents  from  the  model,  and  considerably  simplify  the 
computational  process. 

Once  the  list  of  components  to  be  considered  in  the 
final  reliability-computations  has  been  compiled,  it  is 
necessary  to  conduct  an  analysis  to  determine  whether 
these  components  are  series -components  or  parallel- 
components  in  the  reliability  sense.  The  series-com¬ 
ponent  is  defined  as  one  which  must  operate  success¬ 
fully  if  the  parachute  system  is  to  operate  success¬ 
fully  in  its  mission,  and  is  represented  by  a  single 
term  in  the  model.  One  example  of  such  a  component 
is  a  riser;  another,  generally,  is  a  suspension  line, 
since  experience  has  shown  that  the  breaking  of  one 
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suspension  line  throws  ho  great  a  load  on  the  neigh¬ 
boring  tinea  that  they  UHualtv  break  also.  Tara  lie  I - 
lomponenls  (thoae  which  are  designed  oh  redundant 
a ub -ay h tern h)  have  more  tlian  one  component  performing 
the  Hiuae  function,  where  the  operation  of  any  one 
will  insure  aratem  aucceaa.  \n  example  ia  in  reefing- 
I i lit*  cutters.  where  two  or  even  four  mm  be  lined  mi 
the  name  canopy,  and  the  functioning  of  anv  one  will 
cut  the  reefing  line,  \nuthrr  example  of  thia  arrange¬ 
ment  iw  inter-stage  diaconnecta,  where  two  diaconnect- 
mechaniama  are  often  inatulleil  and  the  functioning  of 
either  will  serve  to  aepnrate  the  stages.  The  entire 
redunduut  system  is  represented  by  one  term  in  the 
model.  In  such  a  case,  the  component-relinbi  lit v  term 
for  the  model  is  calculated  from  the  redundant -rrliu 
bility  formula;  for  any  number,  n.  of  parullel  com¬ 
ponents,  the  reliability  of  the  parallel  (redundant) 
ayateni  will  be: 

(4-339)  Hb  -  1  -  U  -Rh,)  ---'I  -"hj 

If  a  point-estimate  of  reliability  is  made,  the  results 
of  the  use  of  Kq  4-339  are  the  desired  value  for  sub¬ 
stitution  for  the  redundant -component  term  in  tin*  relia¬ 
bility  model.  If  a  confidence-interval  analysis  is  mnde. 
and  all  the  reliability  values  for  the  parallel  compo¬ 
nents  have  been  calculated  to  the  same  confidence 
coefficient,  then  this  confidence  coefficient  is  the  one 
applicable  to  the  term  used  in  the  model.  If  the  redun¬ 
dant  systems  have  hnd  reliability  calculated  to  differ¬ 
ing  confidence  coefficients,  the  overall  confidence 
coefficient  will  be  that  of  the  lowest  term. 

Once  the  final  component-list  for  the  analysis  has 
been  made  up,  and  the  redundancy  problem  has  been 
settled,  the  calculation  of  a  point-estimate  of  system 
reliability  is  a  straightforward  task  of  taking  the  pro¬ 
duct  of  the  operational  reliability  and  all  necessary 
component-reliabilities.  Ihe  computation  of  a  confi¬ 
dence-interval  reliability  estimate  requires  not  only 
the  application  of  the  product  rule  to  the  component - 
and  operational-reliability  terms,  but  also  the  compu¬ 
tation  of  an  overall  confidence  coefficient.  Mathe¬ 
matically  exact  computations  of  on  overall  confidence 
coefficient  for  a  system  from  conTidence-interval  re¬ 
liability  values  for  its  components  is  an  extremely 
complex  tank.  However,  nn  approximation  method  has 
been  developed  (see  Ref  (4-89))  which  facilitates  this 
computation  with  a  minimum  of  mathematical  complexity. 
Kssentially,  the  method  consists  of  pre-selecting  the 
final  confidence-coefficient  desired,  and  then  compu¬ 
ting  operational  and  all  component  reliability-terms  to 
such  confidence  coefficients  that  the  product  of  all 
of  the  individual  confidence-coefficients  is  equal  to 
the  final  desired  confidence-coefficient.  Details  of 
the  method,  and  tables  which  facilitate  selection  of 
the  proper  values  of  confidence  coefficient,  are  pre- 
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Fig.  l-Ut  i  Exaggerated  Stress  -  Strength  Distribution 
sented  in  Ref  (4-89). 

I  hr  only  additional  complexity  which  may  nrisc  in 
the  reliability  evaluation  is  that  of  a  re-use  factor,  for 
those  parachute  systems  which  are  recoverable  and 
re-usuble  after  the  mission.  As  was  explained  in  the 
introductory  portions  of  this  section,  it  is  necessary 
to  determine  whether  the  inspection  and  repair  process 
after  parachute  use  returns  the  parachute  to  an  “as- 
new"  condition.  If  so,  the  re-use  factor  maybe  ignored. 
If  not,  it  is  necessary  to  make  some  sort  of  engineering 
judgment  as  to  the  effect  of  re-use  on  the  strength  of 
the  parachute  materials,  and  to  adjust  the  stress- 
strength  computations  accordingly. 

13.4  Rsliobility-AsMssmmt  Interpretation 

I  he  result  of  the  computation  of  the  reliability  of  a 
parachute  system  by  the  methods  described  above  can 
be  used  to  evnluate  the  long-run  performance  which 
can  be  expected  of  large  numbers  of  such  systems.  It 
must  be  emphasized  again  that  this  reliability  value 
does  not  reflect  the  absolute  performance  of  any  indi¬ 
vidual  system.  It  merely  gives  the  “odds”  that  an  in¬ 
dividual  trial  of  the  paraehute  will  be  successful. 
However,  the  process  of  reliability  evaluation  has 
broader  and  possibly  more  valuable  applications  than 
the  single-number,  overall  evaluation  of  potential 
system -performance. 

In  the  process  of  the  evaluation  of  the  component 
reliability  model,  the  individual  components  of  the 
parachute  system  most  likely  to  fail  are  evaluated,  ns 
is  the  effect  of  the  possible  human  error  rate  in  manu¬ 
facturing,  rigging,  and  packing.  These  sub-results  are 
really  the  key  to  the  study  of  the  potential  causes  of 
failure  in  a  parachute  system,  as  well  as  a  guide  to 
tiie  efficient  expenditure  of  effort  in  the  improvement 
of  system  reliability  (see  below). 

To  produce  the  most  efficient  parachute  system  for 
a  given  cost,  efforts  should  be  concentrated  on  achiev¬ 
ing  approximately  the  same  degree  of  reliability  for 
all  components  and  for  the  packing  process.  Kffort 
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expended  in  thin  inn  tier  has  the  greatest  pay-off  in 
increasing  (hr  rrliiihilitv  of  the  system. 

As  was  shown  previously.  til «*  Irvrl  of  n v st  1*111  -re I i ni¬ 
hility  is  influenced  primarily  by  those  components 
with  (hr  highest  expected  failure -rotes.  Since  (hr  pro¬ 
cess  of  reliability  analysis  detailed  herein  detects 
tbrar  components  explicitly,  it  cun  lie  of  major  value 
in  locating  theme  portions  of  the  parachute  system 
upon  which  the  expenditure  of  further  development 
effort  will  numt  improve  system  reliability. 

The  nccurttry  of  the  results  of  the  reliability 
ments  described  herein  will  depend  to  a  considerable 
extent  upon  the  types  and  sources  of  data  available 
for  the  analysis.  The  interpretation  of  the  values  ob¬ 
tained  must  be  made  in  light  of  the  quality  of  the  data 
used  in  the  reliability  assessment.  This  is  particularly 
important  in  the  case  of  point-estimates,  since  the 
final  value  of  the  reliability  is  a  single  number  which 
does  not  reflect  the  amount  of  data  nor  the  quality  of 
the  data  which  were  used  in  its  generation.  In  the  ruse 
of  a  confidence-interval  analysis,  the  confidence  coef¬ 
ficient  which  accompanies  the  reliability  value  does 
give  more  information,  at  least  from  the  viewpoint  of 
data  quantity,  than  in  the  point -estimate  case.  Mere, 
however,  the  quality  of  the  data  must  also  be  assessed. 
It  is  necessary  to  examine  carefully  all  test  and  use 
records  utilized  to  uncertain  whether  or  not  the  con¬ 
ditions  of  use  closely  match  those  of  the  analysis. 
Phis  is  particularly  important  from  the  viewpoint  of 
loads,  deployment  speed,  and,  to  a  lesser  extent,  de¬ 
ployment  altitude. 

13.5  Reliability  Improvement.  The  results  of 

a  component-reliability  analysis  offer  an  excellent 
basis  for  n  study  of  design  changes  that  would  im¬ 
prove  reliability  of  any  given  system.  As  pointed  out 
above,  the  component-by-component  reliability  study 
will  indicate  specifically  those  portions  of  the  system 
where  additional  design  effort  may  bring  their  relia¬ 
bility  up  to  the  average  level  of  other  components. 
Depending  on  the  particular  component,  this  may  call 
for  redesign  of  auxiliary  devices  or  hardware  items, 
or  choice  of  other  materials  for  fabric  portions  of  the 
canopy.  If  the  stress-strength  methodhas  been  applied 
to  caaopy  analysis,  further  detail  is  also  available 
with  respect  to  the  specific  fabrics  used  in  load-bear¬ 
ing  members.  If  a  material  with  on  apparently  adequate 
mean  strength  is  actually  not  adequate  from  the  view¬ 
point  of  the  stresses  expected,  it  suggests  that  the 
standard  deviation  of  this  mean  strength  be  examined. 
If  it  is  found  that  the  particular  material  chosen  has  a 
relatively  high  standard  deviation  of  tensile  strength 
(nnd  individual  samples  of  the  same  material  have  a 
large  variation  in  strength),  it  may  be  necessary  either 
to  go  to  a  stronger  material  of  the  same  type,  or  to 
change  to  n  material  of  a  somewhat  different  type 


with  a  lower  standard  deviation. 

The  analysis  of  the  packing-process  reliability  can 
hr  used  to  assess  the  human  factor  in  failure,  both  in 
system  design  anil  in  the  actual  packing  process. 
Again,  such  an  analysis  conducted  for  the  study  des¬ 
cribed  in  Ref  (4-89)  indicated  thst  one  of  the  primary 
problems  in  human  error  in  the  parachute-packing  pro¬ 
cess  is  the  inspection  of  smull  components  for  proper 
installation.  Here,  a  hand  or  the  body  of  the  installer 
blocks  the  view  of  the  inspector  diving  the  installation 
process,  and,  once  the  part  has  Keen  installed,  it  is 
often  difficult  to  determine  whether  the  installation  is 
correct.  The  detection  of  such  cases  in  the  course  of 
the  reliability  analysis  would  suggest  that  some  sys¬ 
tem  redesign  might  he  necessary  to  allow  for  better 
inspection  procedures  during  the  pneking  process. 

Hie  problem  of  human  factors  in  rigging  has  already 
been  discussed  as  one  which  probably  should  not  be 
considered  in  the  evaluation  of  the  parachute -system 
reliability  under  many  circumstancea.  However,  an 
analysis  similar  to  that  for  the  packing  process  can 
be  applied  to  the  rigging  process  to  deteimine  whether 
design  changes  in  the  parachute  system  can  result  in 
improved  reliability  in  human  performance  in  parachute 
f'KginK- 

One  factor  often  ignored  in  reliability  improvement 
is  the  matter  of  the  maintenance  of  good  records  of 
performance.  As  is  obvious  from  the  discussion  above, 
performance  records  are  really  the  key  to  reliability 
analysis,  not  only  on  the  system  for  which  records 
ore  kept, (but  also  for  those  components  of  that  system 
which  are  used  in  other  parachute  systems.  Thus,  the 
maintenance  of  detailed  records  of  use,  and  of  inspec¬ 
tion  records,  can  be  of  major  assistance  in  future  re- 
liabil  ity  evaluations.  The  information  which  maybe  de¬ 
veloped  can  be  applied  to  a  wide  variety  of  hardware 
and  mechanical  items,  to  the  analysis  of  common 
fabric-portions  of  parachutes,  and  to  the  development 
of  better  factors  for  analysis  of  human  performance. 
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CHAPTER  5 
APPLICATIONS 


Aerodynamic  deceleratora  are  uaed  in  a  broad  spectrum  of  applications  ranging  from  the  air-drop  of 
equipment  to  the  recovery  of  re-entry  vehiclea.  Decelerutora  are  uaed  for  uir-drop,  to  stabilize  fuel  tanka 
and  bomba,  aircraft  anti-apin,  and  to  recover  droppable  wheela,  ejection  aeata,  and  emergency  escape 
capsules.  Aerospace  vehicle  recovery  continues  to  grow  as  a  major  decelerator  application.  Other  im¬ 
portant  uses  include  the  deceleration  of  aircraft  and  special  weapons,  and  the  recovery  of  personnel 
and  targets.  Kach  type  has  a  specific  developing  scope  of  design  considerntions  and  technology.  Kach 
mission  requires  appropriate  consideration  of  speed  and  uititade  effects,  stabilization  and  drag.  The  de¬ 
celerator  must  not  be  considered  separately  from  the  system  as  a  whole. 


SEC  1  GENERAL 

The  aerodynamic  decelerator  provides  a  vital  link 
in  the  safe  recovery  of  a  variety  of  aerospace  vehi¬ 
cles.  Future  applications  will  not  be  limited  to  earth- 
bound  recovery;  the  decelerator  must  also  be  con¬ 
sidered  for  application  to  planets  other  than  Forth. 
Work  directed  to  these  new  uses  are  paralleled  by 
continuing  improvement  and  refinement  of  designs  for 
established  applications.  These  include; 

(a)  Airdrops  of  equipment; 

(b)  Kmergency  escape; 

(c)  Paratroopers; 

(d)  Stabilization  and  deceleration  of  bombs,  mines, 
and  torpedos ; 

(e)  Trajectory  control; 

(f)  Missile  and  dkone  recovery; 

(g)  Aircraft  deceleration  and  aircraft-spin  recovery; 

(h)  Radiosonde;  and 

(i)  Special  purposes  (aerial  pick-up,  etc.). 

Deceleratora  may  be  selected  on  the  basic  of  mis¬ 
sion  requirements.  A  compromise  between  drag, 
strength,  deployment  speed  and  altitude,  stability, 
repeatability  of  application,  and  cost  of  production 
must  be  made  to  obtain  the  most  satisfactory  design 
for  meeting  the  operational  requirements. 

There  are  three  basic  types  of  derelerators:  the 
self-inflating,  the  pressure-inflated,  and  the  mechani¬ 
cally  actuated,  each  having  its  advantage  for  a  par¬ 
ticular  application.  The  self-inflating  parachutes 
are  utilized  to  meet  the  majority  of  current  mission 
requirements  in  both  the  subsonic  and  aupersonir 
flight  regimes.  The  pressure-inflated  devices,  either 
spherical,  conical,  or  segments  thereof,  are  considered 
for  high-altitude,  high  Mach-number  application  where 
self-inflating  parachutes  may  not  inflate  well,  due  to 


insufficient  dynamic  pressure.  The  mechanically 
actuated  types,  currently  the  rotor-blade  deceleratora, 
have  the  advantage  of  providing  a  flare-out  capability 
to  obtain  a  near-zero  touch-down  velocity. 

For  a  majority  of  cases,  deceleratora  must  be  de¬ 
signed  for  a  specific  application  to  meet  the  criteria 
of  deployment  speed,  deployment  altitude,  desirable 
stability  characteristics  during  descent,  rate  of  des¬ 
cent, and  weight  to  be  recovered  .These  conditions  will 
establish  the  number  of  dkag  stages  required  during 
the  region  of  deceleration  and  recovery  and  will  es¬ 
tablish  the  size  of  the  decelerator  used  in  each  stage 
based  on  a  certain  drag  coefficient  applicable  to  each 
design.  Consequently,  modifications  of  existing  de¬ 
signs  or  new  aerodynamic  decelerator  designs  must  be 
manufactured  and  tested  to  demonstrate  system  per¬ 
formance  under  simulated  or  actual  operational  con¬ 
ditions. 

SEC  2  AIRDROP 

Air-drop  concepts  require  the  use  of  parachutes  for 
aerial  delivery  of  vital  supplies  and  equipment  in  an 
operational  condition  in  support  of  combat  operations 
and  in  supply  missions.  Present  standard  air-drop 
systems  are  designed  for  unit  cargo  loads  weighing  up 
to  21,500  lb.  Air-drop  systems  are  now  under  develop¬ 
ment  for  delivery  of  unit  loads  weighing  35,000  lb.  The 
primary  objective  of  the  air-drop  system  js  to  achieve 
the  capability  of  delivering  a  variety  of  vehicles,  wea¬ 
pons,  heavy  cargo,  and  miscellaneous  supplies  to  any 
strategic  locality  in  such  a  manner  that  they  will  be 
usable  within  a  minimum  amount  of  time  and  with  mini¬ 
mum  hazard  to  personnel  involved.  The  present  standard 
air-drop  system  is  scheduled  to  be  phased  out  in  late 
1962.  The  dual-rail  system  (see  2.4)  then  will  be  the 
only  standard  method  of  aerial  delivery  of  palletized 
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Fig.  S-l  Air-Drop  of  Heavy  Car  no 


^iK■  5-2  (iravity  Ejection  System 


equipment. 

An  air-drop  system  must  include  the  restraining, 
releasing,  and  moving  of  compatible  pallets  or  plat¬ 
forms  safely  and  positively  out  of  an  aircraft  in  flight 
at  the  pilot’s  command.  The  system  generally  con¬ 
sists  of:  a  platform  or  pallets  to  hold  the  cargo;  guide 
rails,  automatic  restraint  and  release  and  roller  con¬ 
veyors  to  transport  the  equipment  out  of  the  aircraft; 
an  extraction  parachute  capable  of  producing  the 
cargo-extraction  force  required;  a  parachute  system 
capable  of  producing  the  proper  rate  of  descent,  and  a 
ground  shock-attenuation  system  designed  to  soften 
the  impact  of  the  equipment  to  preclude  any  damage. 
A  canopy  ground-release  is  provided  to  prevent  load 
turnover  or  the  dragging  of  parachuted  supplies  during 
high  ground-wind  conditions.  An  air-drop  sequence  of 
a  tank  is  shown  in  Fig.  5-1. 


2.1  Aircraft  Systems 

2-1.1  AIRCRAFT  TYPES.  At  the  present  time, 
the  following  cargo  aircraft  are  considered  suitable 
for  air-drop  purposes:  the  C-119,  C-123,  C-124,  and 
C-130.  The  C-119  and  the  C-130  are  designed  to  per¬ 
mit  equipment  extraction  from  the  aft  end  of  the  cargo 
compartment  using  extraction-type  parachutes.  The 
C-119  aircraft  ia  also  equipped  for  overhead  monorail 
delivery  for  dropping  small  containers.  All  current 
cargo  aircraft  are  propeller-driven  and  allow  dropping 
of  cargo  at  relatively  low  speeds,  in  the  range  between 
110  and  150  knots.  In  the  next  few  years  it  may  be¬ 
come  necessary  to  devise  air-drop  systems  for  use  at 
high  speeds  with  faster  cargo-aircraft.  At  the  present 
time,  however,  most  air-drop  systems  are  designed  for 
Inuncbing  at  aircraft  speeds  up  to  130  knots.  Future 
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air-drop  raiaaioaa  may  be  made  from  alliladea  of  100  ft 
aad  below  and  apeeda  aa  high  aa  200  kaola. 

2.1.2  MKTHOD  OF  EJECTION.  Three  general 
methoda  of  cargo  ejection  are  applicable  for  uae  in 
today’a  cargo  aircraft. 

2.1.2.1  Gravity  System.  In  thia  method  (Fig.  S-2) 
the  cargo  rolla  (only  by  (parity)  from  the  aircraft  when 
re  leaned  by  the  pilot.  It  atiliiea  a  floor-eecnred  roller 
ayatem.  The  roller  conveyor  ia  aloped  by  change  of 
attitude  of  the  aircraft  to  facilitate  poaitive  diapoaal 
of  the  cargo  from  the  aircraft.  Thia  technique  ia  the 
leaat  preferred  method  of  ejection,  becauae  of  gravity 
ahift  within  the  aircraft;  low  load-exit  velocity;  aad 
time-variationa  of  ejection  which  reault  in  inaccurate 
impact  predictiona. 

2. 1 .2.2  Extraction-Parachute  System.  The  moat 
common  method  of  load  ejection  from  aft-loading  cargo 
aircraft  ia  by  meana  of  a  parachute  large  enough  to 
provide  the  force  aeceaaary  for  extraction  of  the  pal- 
ietixed  load  from  the  aircraft  ia  flight  (Fig.  5-3).  The 
extraction  parachute  ia  activated  by  the  pilot  through 
an  electrically  operated  ayatem. 

2. 1.2.3  Power  Ejection.  Another  ayatem  lor  re¬ 
leasing  the  cargo  from  the  aircraft  ia  the  powar-ejec- 
tion  method.  Thia  type  uaea  an  overhead  monorail  and 
anmeroua  trolleya  auapeading  individual  containers 
each  ap  to  500  lb  ia  groan  weight.  The  trolleya  are 
moved  along  the  overhead  monorail  by  a  motor-driven 
cable.  When  the  trolley  reachea  the  reieaae  point,  a 
trigger  operatea  a  latch  to  reieaae  the  load.  In  thia 
ayatem,  up  to  twenty  500-lb  packages  can  be  released 
in  a  period  of  7  to  8  aec.  Only  the  C-119  aircraft  ia 
equipped  with  this  monorail  ayatem. 

2.1.3  RESTRAINING  SYSTEMS.  The  deaign  of 
the  aircraft  reetraiuiag-ayatem  moat  be  based  on  air¬ 
craft  deaign  load-factora,  aa  fpven  ia  specification 
M1L-A-8865,  “Airplane  Strength  and  Rigidity,  Miscel¬ 
laneous  Loads,”  which  outlines  general  ultimate 
g-valuea.  When  eh  id-type  platforms  are  used,  the 
primary  restraints  are  applied  aad  removed  manually 
by  releasing  the  tie-dowen  shortly  before  the  drop 
(see  Fig.  S4).  Platforms  used  with  the  dual -rail  aya¬ 
tem  are  automatically  released  from  the  restraint  by 
actios  of  the  extraction  parachute .  On  the  overhead 
monorail  system.  Fig.  5-5,  the  cable  controla  the  fore 
aad  aft  movement.  Lateral  container  movement  is 
restricted  by  aide  curtains  or  similar  meana. 

Z2  Dasiga  Criteria 

2.2.1  OBJECTIVES.  In  most  instances,  the  de¬ 
sign  of  aa  airdrop  syntem  ia  based  on  getting  tbe 
cargo  to  tha  ground  ia  die  least  possible  time  without 
damage  to  the  aircraft  or  to  the  cargo,  by  applying  the 
most  economical  aad  practical  methods.  Tbe  least 


Fig.  5-5  Overhead  Monorail  Extraction  System 

possible  drop-time  ia  desirable  far  maximum  drop- 
accuracy,  minimum  dispersion  of  drop  loads,  and  mini¬ 
mum  effect  of  wind  drift.  Theoretically,  the  ideal  aya¬ 
tem  would  let  the  equipment  free-fall,  not  employing 
aay  type  of  deceleration  device,  but  would  absorb 
loading  shock  to  prevent  damage  to  cargo.  Practically, 
however, nine.  wei^t,  aad  cost  of  the  ahtsk-absorbiag 
devices  that  would  be  required  prohibit  their  uae, 
particularly  for  bulky  or  heavy  objects.  Shock-absorb¬ 
ing  devices  oa  platforms  and  containers,  in  conjunc¬ 
tion  with  parachutes,  kave  great  advaatager..  Tbe 
stabilising  effect  of  the  canopy  permits  the  cargo  to 
absorb  impact-ohocks  in  essentially  only  one  direc¬ 
tion.  Air-drop  systems  strive,  in  general,  to  achieve 
the  bast  possible  compromise  between  a  system  for 
laadiag-impact  absorption  and  a  rate  of  descent  low 
enough  to  hold  the  design  of  the  shock-absorbing  de¬ 
vices  to  reasonable  sise,  weight,  and  cost  and  ia  pro¬ 
portion  to  the  fragility  of  a  specific  item. 

2.2.2  GENERAL  CONSIDERATIONS  FOR  DESIGN 
OF  AN  AIR-DROP  SYSTEM. 

2.2. 2.1  Durability.  Many  air  drops  take  place 
ia  aa  area  where  it  is  possible  to  recover  the  para¬ 
chute  for  re-use.  It  is  therefore  desirable  to  employ 
parachutes  aad  hardware  that  will  reaist  damage  under 
ordinary,  anticipated  conditions. 

2.2.11  Ease  of  Manufacture  md  Low  Cost.  When¬ 
ever  possible,  parachute  design  should  be  simple,  for 
ease  of  manufacture.  Low-cost  desists  adapt  them¬ 
selves  to  a  hi  gfi  rate  of  production. 

2.2.2.3  Critical  Materials.  At  the  present  time. 
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A.  TOO-HtCH  EXTRACTION  SPEED  CAUSES  CARGO  TO  REMAIN  IN  NEARLY  LEVEL  POSITION.  INTERFERENCE  MAY 
TAKE  PLACE  BETWEEN  CARGO  AND  DEPLOYING  SUSPENSION  SYSTEM.  UNEVEN  AND  EXCESSIVE  LOADS  MAY 
BE  PLACED  ON  PARTS  OF  THE  SUSPENSION  SYSTEM 


Fig.  5-6  Effect  of  Variation  of  Extraction  Force 
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ctirgo  canopies  utilize  Nylon,  rayon,  and  cotton  mus- 
lin.  Hayon  in  used  in  the  24-fl  diam.  G-1A,  12-ft  diam. 
(1-7,  and  R -ft  diam.  G-8  parachute*.  Cotton  mualin 
cloth  ia  uned  in  the  C-13  hemispherical  parachute. 
Nylon  materials  are  used  in  the  construction  of  the 
64-ft  diam.G-12  and  the  100-ft  diam.G-llA  parachutes, 
and  for  all  cargo-extraction  parachutes, 

2.2.2. 4  Reliability  of  Inflation.  Air-drop  cano¬ 
pies  do  not  have  to  meet  the  high  reliability  require¬ 
ments  of  personnel  canopies.  However,  for  accurate 
dropping,  they  must  be  dependable,  must  have  pre¬ 
dictable  inflation-characteristics,  and  must  be  con¬ 
sistent  in  performance. 

2.2. 2.5  Ease  of  Maintenance.  Rase  of  main¬ 
tenance  is  principally  a  result  of  design  simplicity. 
Air-drop  canopies  are  subject  to  damage  not  only  by 
ground-and-object  contact  but  also  by  lack  of  atten¬ 


tion  after  completion  of  drop,  or  through  mishandling 
by  inexperienced  personnel. 

2.2. 2.6  Rate  of  Pescent.  In  general,  a  rate  of 
descent  of  25  ft  per  sec  should  be  strived  for.  How¬ 
ever,  higher  rates  of  descent  may  be  used  for  cargoes 
that  can  resist  damage  at  higher  impact-shocks  and 
for  special  air-drop  application. 

2.2.2.7  Stability.  An  oscillation  of  —  10  deg  is 
permissible  for  most  cargo-container  drops.  A  higher 
degree  of  stability,  such  as  achieved  with  clusters  of 
canopies  (Sec.  11,  Chap.  4),  is  required  for  air-drop 
systems  equipped  with  pneumatic  shock-absorbers. 

2.2.2. 8  Opening-Shock.  For  most  air-drop  sys¬ 
tems,  opening-shock  is  not  of  primary  concern,  except 
that  it  should  be  low  enough  so  that  it  is  within  the 
design  limitations  of  the  parachute  system. 

2. 2.2.9  Bulk  and  Weight.  Bulk  and  weight  are  of 
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Fig.  5-8  Typical  Force  vs  Time  Histories  of  Air-Drop  Canopies 


particular  importnuce  for  ease  of  handling  by  ground 
personnel,  In  most  cases,  however,  the  bulk  of  the 
parachute  is  not  critical  because  of  the  space  avail¬ 
able  in  the  aircraft.  Of  course,  a  light-weight,  small- 
bulk  system  ic  desirable  if  both  system  economy  and 
design  criteria  can  be  met. 

2.2.2.10  Kmironment.  Air-drop  canopies  are 
often  packed  nod  stored  for  a  considerable  lime  in 
areas  of  bigh  humidity,  relatively  high  temperatures, 
or  extreme  cold.  When  the  environmental  conditions 
for  a  specific  design  are  expected  to  be  unusual,  it 
will  be  necessary  to  select  the  proper  material  or  make 
provision  for  special  protective  packing,  or  both. 

2.2.3  OTHER  DESIGN  CONSIDERATIONS. 

(a)  The  maximum  tolerable  abock  loads  during  de¬ 
ployment  and  the  direction  of  these  shock  loads  in 
relation  to  the  cargo. 

(b)  The  maximum  vertical-fall  distance  permissible 
before  terminal  velocity  «  reached. 

(c)  The  specific  stability  requirements  for  the  par¬ 
ticular  cargo  being  dropped. 

(d)  He  rate  of  descent  desirable  during  any  stage 
or  reefed-caaopy  condition. 

(e)  Suspension  design  in  relation  to  center  of  ca¬ 
vity  of  the  load  and  its  attitude  for  landing. 

(I)  Conformation  to  available  space  in  aircraft 
prior  to  and  doting  exit. 

(g)  The  anticipated  range  of  launching  speed  and 
altitude  for  drop. 

(h)  The  anticipated  aircraft  to  be  utilised  uad  its 
characteristics  and  capabilities  ia  regard  to  load  ex¬ 
traction  or  ejection. 

(i)  The  miaimnm  weight  possible  for  the  system, 
including  platforms  or  containers,  and  parachutes. 

(j)  The  determination  of  whether  to  use  expendable 
or  reusable  containers  or  platforms. 

(k)  The  maintaining  of  the  center  of  gravity  of  the 
aircraft  within  controllable  limits. 

(l)  The  provision  for  rapid  exit  to  keep  the  drop- 
dispersion  area  to  a  minimum. 

(m)  The  point  of  attachment  to  the  structure  of  the 
platform  or  cargo  for  the  absorption  of  opening-shock. 

(n)  A  deployment  system  so  designed  that  the  load 
does  sot  get  a  chance  to  overturn  completely  after  exit. 

(o)  The  attitude  of  the  load  prior  to  main-canopy 
deployment. 

(p)  Reliable  deployment  without  a  complicated  de¬ 
ployment  system. 

(q)  Selection  of  proper  material  ia  relation  to  cost 
and  strength. 

(r)  Ease  of  packing  and  handling. 

(a)  Low  coat  of  maintenance. 

2.3  Parodwtu  Canopies 


2.3.1  GENERAL.  Single  canopies  or  canopy 
clusters  may  be  used  either  for  extraction  or  for  ver¬ 
tical  descent.  In  general,  it  is  desirable  to  have 
canopies  with  a  high  drag-coefficient,  which  has  a 
direct  bearing  on  the  weight  and  bulk  of  tbe  system. 

2.3.2  EXTRACTION  CANOPIES.  Extraction 
canopies  must  have  a  design  that  ia  simple  and  must 
be  dependable  (see  Eig.  5-3).  An  important  requirement 
is  that  they  perform  reliably  in  the  wake  of  the  air¬ 
craft.  Another  requirement  is  good  stability.  The  ring- 
slot  canopy  is  generally  used  for  extraction  purposes. 
The  size  of  the  extraction  canopy  is  determined  by 
the  force  necessary  to  remove  the  load  from  the  air¬ 
craft  compartment.  An  extraction  force  equal  to  one  g 
is  recommended  for  initial-extraction  canopy  selection. 
Drag  forces  produced  by  standard  extraction  canopiea 
for  aircraft  release  velocities  from  110  to  150  knots 
are  shown  in  Table  5-1.  Too  high  an  extraction  speed 
prevents  the  load  from  rotating  sufficiently  to  permit 
smooth  canopy  deployment  from  tbe  top  of  the  cargo. 
Too  low  an  extraction  speed  may  permit  the  cargo  to 
overturn  (see  Fig.  5-6).  To  insure  proper  inflation, 
risers  must  be  of  sufficient  length  to  minimize  tbe 
aircraft-wake  effect.  The  system  must  be  designed  to 
insure  that  the  canopy  is  so  placed  during  and  after 
inflation  that  it  does  not  interfere  with  the  aircraft 
structure. 

2.3.3  TYPES  OF  CARGO  PARACHUTES.  Thera 
are  two  main  types  of  parachute  canopies  used  for 
air-drop  systems:  the  standard  circalar  flat,  and  the 
hemispherical,  or  “baseball”.  Some  of  their  charac¬ 
teristics  are  shown  ia  Fig.  5-7,  Typical  force-ve ruse- 
time  histories  of  air-drop  canopies  with  various  diam¬ 
eters  are  shown  in  Fig.  5-8.  A  correlation  of  canopy 
shape  and  force  developed  during  canopy  deployment 
and  opening  of  a  150-ft-diam  experimental  air-drop 
canopy  is  presented  ia  Fig.  5-9. 

2.4  Cargo  Platforms.  Cargo  platfonss  support 
the  load  or  serve  as  a  base  for  rigging  a  load.  Load¬ 
ings  on  tbe  largest  bearing  ares  of  the  cargo,  skid,  or 
platform  shall  not  be  less  than  35  psf.  This  applies 
to  all  cargo  loads.  Wooden  platforms  can  be  salvag¬ 
eable  or  expendable,  depending  oa  design  and  use. 
They  serve  as  a  base  for  the  load  while  the  load  is 
in  the  aircraft.  After  deployment,  the  parachute  system 
is  connected  directly  to  the  load  and  the  platform  in 
reduced  to  a  base  or  container  for  ground  shock-ab¬ 
sorption  materials.  A  platform  also  serves  as  a  base 
and  support  for  the  load  while  it  is  in  the  aircraft, 
dcring  descent,  and  upon  landing.  Recently  the  dual- 
rail  Modular  side-rail  restraint  platform  was  stand¬ 
ardised  and  designated  as  aerial  unloading  Kit 
AF/A32H-1  (Fig.  5-10). 
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Fif-  S'9  Deployment  and  Opening  of  a  150-ft  Air-Drop  Canopy 


Fif>.  5-/0  Dual-Rail  Modular  Side- Rail  Restraint  Platform 


2.5  Declaration  and  Anti-Toppling  Davicas. 

2.5.1  GENERAL.  Moat  air-drop  ayatema  have 
been  designed  to  achieve  a  rate  of  deaceat  in  the 
neighborhood  of  25  fpa.  The  intended  rate  of  deacent 
may  be  varied  according  to  the  fragility  of  the  cargo, 
the  tactical  aitnation,  the  accuracy  of  drop  deaired, 
and  the  efficiency  of  the  ground-impact  abaorption- 
ayntem.  The  importance  of  the  irapact-abaorption  sys- 
tem  cannot  be  overrated.  Ground-impact  forcea  of  np 
to  100  g'a  have  been  meaaured  on  plntforma  descead- 
ing  at  approximately  30  fpa.  Currently,  air-drop  oys- 
tema  utilise  paperboard  honeycomb  material  to  provide 
neceeaary  energy  diaaipation  upon  ground  impact. 
Deaign  criteria  and  application  for  ground -impact 
shock-abaorption  devicea  are  diacuaaed  in  detail  in 
4.5  of  Chap.  9. 

2.6  Ratling.  Reefing  ia  not  generally  uaed  in 
most  air-cargo  paracbut*  operation,  because  cano¬ 
pies  are  designed  to  withstand  opening-shock  for¬ 
ces  at  normal  deployment  velocities.  At  present, 


reefing  is  confined  mostly  to  clusters  of  large  para¬ 
chute  canopies,  where  the  reefing  insures  that  all 
canopies  reach  the  same  stage  of  inflation  at  the  same 
time.  Diareefing  of  the  canopies  then  results  in  an 
even  deployment  and  minimises  canopy  damage.  On 
high-altitade  drops,  utilizing  any  substantial  size  of 
air-drop  canopy,  prolonged  reefing  may  be  employed 
to  achieve  better  accuracy  of  drop.  In  such  cases, 
stage-reefing  may  be  deairable.  In  a  majority  of  cases 
where  reefing  ia  presently  employed,  a  2-sec  reefing 
time  will  arrve  the  purpose.  An  increase  in  reefing 
time  automatically  raises  the  minimum  altitude  at 
which  the  drop  may  be  accomplished  successfully. 
Reefing-system  design  and  fabrication  must  be  sim¬ 
ple,  to  permit  local  installation. 

2.7  Skirt  Hasitotor.  Skirt  hesitators  can  be 
employed  on  air-drop  canopies  to  prevent  inflation 
before  line  stretch  is  complete.  This  is  particularly 
desirable  in  cases  where  snatch-force  would  exceed 
the  opening-shock  force. 
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FLIGHT  DIRECTION 


TAHI.K  5-1 

drag  rircks  okvklopkd  ry  standard 

CARGO- K X TR ACTION  CANOPIF.S 


Aircraft 
Release 
Velocity 
Knots  IAS 

15’  Ring-Slot 
(Reefed 

To  Sire 
Representing 

10’  P0  Canopy) 

15’  Ring-Slot 
(Reefed 

To  Sire 
Representing 

12’  l)0  Canopy) 

15’ 

Ring-Slot 

22’ 

Ring-Slot 

28’ 

Ring-Slot 

35’ 

Ring-Slot 

110 

1,690 

2,430 

3,800 

8,200 

13,300 

20,800 

120 

2,010 

2,900 

4,500 

9,700 

15,500 

24,600 

130 

2,430 

3,380 

5,400 

11,400 

19,500 

28,600 

140 

2,720 

3,950 

6,100 

13,300 

23,200 

33,700 

150 

3,140 

4,520 

7,050 

15,200 

26,200 

38,600 
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hig-  5-12  C-12  Parachute 

2.8  Dcployamt  Methods 

2.8.1  GRNRRAL.  Deployment  of  air-drop  para¬ 
chutes  may  be  by  pilot  chute  or  by  static-line.  Com¬ 
plicated  deployment  ayatemu  are  not  desirable,  since 
they  increase  cost,  maintenance,  and  rigging  time. 

A  common  method  which  has  been  used  success¬ 
fully  to  initiate  deployment  of  an  extraction  parachute 
for  cargo  delivery  is  the  pendulum  system.  (See  Fig. 
5-11.)  In  the  present  stage  of  development,  a  notched 
arm  or  pendulum  bar  and  an  electrically  activated 
release  are  mounted  as  a  unit  in  the  top  aft  portion 
of  the  cargo  compartment.  The  parachute  is  retained 
in  a  horizontal  position  by  the  release,  engaging 
V-rings  secured  to  the  deployment  bag.  A  short  pen¬ 
dulum  line  runs  horizontally  from  the  deployment  bag 
to  the  notch  in  the  pendulum  bar.  Upon  actuation  of 
the  release  by  either  the  pilot  or  an  alternate  crew 
member,  the  parachute  falls  as  a  pendulum  in  an  arc 
around  the  end  of  the  pendulum  bar  until  a  satisfactory 
release-attitude  is  reached  for  deployment.  At  this 


* 


Fig.  5-13  (1-13  Parachute 

point,  the  loop  in  the  pendulum  line  slips  from  the 
notch  and  the  parachute  is  then  free  to  be  carried  aft 
through  the  cargo  door  and  is  subsequently  deployed 
by  the  airstreain. 

2.8.2  DKPI.OYMF.NT-SYSTF.M  DfcSIGN.  The  de¬ 
ployment  system  must  be  kept  as  simple  as  possible. 
Small  loads  generally  can  be  dropped  from  the  aircraft 
using  a  simple  static-line  to  open  the  parachute. 

Cargo  canopies  for  100-  to  500-lb  loads  are  packed 
in  the  standard  envelope  pack.  This  pack  is  attached 
to  the  load  and  does  not  assist  deployment. The  static¬ 
line  is  attached  directly  to  the  apex  of  the  canopy 
with  a  break  cord  of  predetermined  size  placed  be¬ 
tween  the  apex  and  the  free  end  of  the  static-line 
(loop).  Reliability  is  not  as  good  as  that  of  many 
other  systems,  but  low  cost  and  simplicity  warrant 
extensive  use  of  this  system.  The  G-13  and  the  T-7 
(as  converted  for  cargo)  parachutes  are  most  often 
used  with  this  system. 

For  cargo  loads  between  700  and  2200  lb,  utilizing 
an  A-22  container  and  a  G-12  parachute,  a  Nylon 
deployment  bag  is  used.  Deployment  is  initiated  by  a 
68-in.  octagonal  pilot  chute,  which  is  deployed  by  a 
static-line  attached  to  the  aircraft.  For  cargo  loads 
between  2,200  and  35,000  lb,  clusters  of  the  G-12  or 
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PARACHUTE  PACK 


END  PORTION  OF  FUEL  CELL 
ACTS  AS  PILOT  CHUTE 


Fig.  S-14  Droppable  Fuel  Tank  Panchute  Stabiliza¬ 
tion  System 

G-llA  parachutes  are  used.  Both  of  these  parachutes 
are  deployed  by  the  bag-type  deployment  method. 

2.9  Cl py  Grand  Rtlww  Systoa i.  Unless  the 
the  parachute  is  released  immediately  upon  pound 
impact  of  the  cargo,  surface  wind  may  caose  the  cano¬ 
py  to  drag,  topple,  or  otherwise  damage  the  cargo.  Both 
mechanically  and  electrically  operated  release  de¬ 
vices  have  been  developed  for  air-drop  systems.  A 
description  of  these  devices  may  be  found  in  Sec.  3 
of  Chap.  9. 

SEC  3  STABILIZATION 

3.1  Gaaml,  Parachutes  offer  certain  definite 
advantages  for  stabilising  free-falling  bodies.  They 
provide  a  relatively  large  stabilizing  force  at  a  con¬ 
siderable  distance  from  the  center  of  gravity  of  the 
object  to  be  stabilised  without  exacting  an  undue  pre¬ 
mium  in  weight  or  bulk.  They  have  a  particular  advan¬ 
tage  over  fin-type  stabilised  objects,  which  are  carried 
externally  oa  aa  aircraft,  in  that  they  do  not  contribute 
to  the  object’s  drag  until  after  the  drag  can  no  longer 
affect  the  aircraft’s  performance . 

3.2  FnaJ-Taalt  Stabilization 

3.2.1  CONSIDERATIONS.  The  use  of  external 
droppable  tasks  on  high-performance  aircraft  necessi¬ 
tates  iavestigntion  of  the  aerodynamic  characteris¬ 
tics  of  these  tanks.  The  trend  of  modern  droppable 


fuel-tank  design  is  toward  an  elongated  cylinder  with 
streamlining  fore  and  aft.  When  mounted  on  the  wing- 
tip,  its  angle  of  incidence  in  generally  the  same  as 
that  of  the  wing.  When  mounted  in  hoard  and  under  the 
wing,  it  is  generally  hung  from  streamlined  supports 
in  a  manner  that  produces  about  zero  degrees  angle  of 
attack  at  the  normal  cruising  speed  of  the  aircraft.  It 
has  been  found  advisable  to  stabilise  tanks  mounted 
inboard  of  the  wingtip.  Any  slight  positive  angle  of 
attack  tends  to  pitch  up  the  none  of  the  tank  upon 
release.  On  full  tanka,  the  weight  involved  overrides 
the  aerodynamic  lift  and  the  tanka  drop  free  and  clear; 
on  empty  or  near-empty  tanks,  pitching  of  the  tank 
can  endanger  the  aircraft  structure.  It  is  possible  to 
devise  fins  that  will  stabilize  the  tank,  but  the  addi¬ 
tional  drag  caused  by  the  fins  will  be  high-  Stabiliza¬ 
tion  by  parachute  has  proven  satisfactory,  and  the  bulk 
and  weight  of  the  system  is  relatively  small. 

3.2.2  FUEL-TANK  STABI  l  JZATION -SYSTEM  RE¬ 
QUIREMENTS. 

(a)  Immediate  stability  upon  release  of  fuel  tank. 

(b)  Minimum  balk  to  decrease  fuel-capacity  penalty. 

(c)  Reliable  deployment  aystem. 

(d)  Sufficient  drag  to  insure  separation  of  the  tank 
from  the  aircraft. 

(e)  Low  openiug-ohock  or  a  suitable  mechanical 
arrangement  to  insure  that  the  tank  will  not  be  released 
before  the  canopy  in  inflated  and  therefore  capable  of 
producing  the  required  stabilization. 

(f)  A  provision  to  frop  full  tanks  (such  as  at  take¬ 
off)  without  the  canopy  imposing  a  considerable  load 
on  the  aircraft  for  an  appreciable  time  interval. 

3.2.3  FUEL-TANK  STABILIZATION -SYSTEM  DE¬ 
SIGN.  Fuel-tank  stabilisation  systems  generally 
uae  a  portion  of  the  rear  cone  of  the  drop  task  as  a 
pilot  chute.  (See  Fig.  S-14.)  As  the  forces  on  the  rear 
cone  may  be  negative,  the  cone  must  be  spring-loaded 
for  positive  ejection.  The  tail-cone  section  then  pulls 
out  the  main  canopy.  The  fuel-tank  stabilization  sys¬ 
tem  used  on  the  B-47  aircraft  utilises  sn  8-ft  flat  cir¬ 
cular  ribbon  canopy  reefed  to  7-1/2  ft  in  diameter. 

3.3  Bomb  Stabilization 

3.3.1  GENERAL.  The  use  of  parachutes  for 
bomb,  mine,  or  torpedo  stabilisation  permits  stowage 
of  a  greater  payload  within  a  compartment  than  would 
be  possible  if  the  bombs  were  fitted  with  fixed  fins 
capable  of  producing  the  same  stabilizing  effect. 

3.3.2  BOMB-STABILIZATION  SYSTEM  REQUIRE¬ 
MENTS. 

(a)  Rapid  stabilization  upon  deployment  of  the  para¬ 
chute. 

(b)  Constant  or  predictable  drag-coefficient  for 
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SUSPENSION  LINE  ADJUSTMENT  IS  ACHIEVED  BY  PLACING  ONE 
DISC  IN  THE  MOUTH  OF  THE  PARACHUTE  (SIMULATING  THE 
INFLATED  PARACHUTE)  AND  A  SECOND  DISC  AT  THE  FREE  END 
OF  THE  SUSPENSION  LINES.  THE  LOWER  DISC  MUST  BE  WEIGHTED 
AND  THE  TWO  DISCS  MUST  BE  PARALLEL 


Fig.  5-15  Geodetic  Suspension  System 


accurate  computation  of  flight  path. 

(c)  Ability  to  withstand  opening-shock  without 
damaging  distortion  at  highest  altitude  and  airspeed 
anticipated  for  drop. 

(d)  Stability,  at  highest  velocity,  of  -  2  deg. 

3.3.3  BOMB-STABILIZATION  SYSTEM  DESIGN. 

Bomb-stabilisation  systems  usually  employ  ribless 
guide-surface  parachutes.  To  decrease  oscillation, 
the  forces  oa  the  caaopy  ore  transmitted  directly  to 
the  body  of  the  bomb  by  means  of  a  geodetic  suspen¬ 
sion  system  (see  Fig.  5-15).  At  subsonic  speeds,  dis¬ 
tance  between  the  bomb  and  the  parachute  skirt  varies 
between  3.5  and  4.0  times  the  diameter  of  the  bomb 
at  its  widest  portion  (generally  at  the  designed  center 
of  parity).  The  shorter  distance  is  preferable  for 
rigidity  of  die  suspension  system,  but  the  woke  effect 
of  sonw  bombs  makes  the  longer  distance  necessary. 
For  stabilisation  at  supersonic  speeds  the  distance 
between  bomb  and  parachute  should  be  increased  to 
a  miaimmn  of  five  times  the  diameter  of  the  bomb. 
Deployment  of  the  parachute  is  accomplished  by  static¬ 


line.  Since  bomb  accuracy  is  adversely  affected  by 
decrease  in  speed,  it  in  desirable  to  use  the  smallest 
parachute  that  will  achieve  tbe  required  depee  of 
stabilisation.  When  a  properly  designed  adapter-housing 
is  used,  the  parachute  system  adds  very  little  to  the 
overall  bomb  length.  Systems  have  achieved  a  de¬ 
crease  in  bomb  length  over  the  standard  fin  assembly 
bomb  of  better  than  20  per  cent  in  addition  to  a  con¬ 
siderable  saving  in  weight. 

3.4  Droppablt-Whssl  Recovery 

3.4.1  GENERAL.  Installation  of  extra-long- 
range  fuel  tanks  or  heavier-than-normal  armament  may 
faring  the  take  off  weight  of  an  aircraft  above  the  nor¬ 
mal  wheel-loading  of  the  aircraft.  It  is  therefore  de¬ 
sirable  to  supplement  the  normal  landing-gear  with 
additional  wheels  and  tires.  This  can  be  accom¬ 
plished  by  the  use  of  auxiliary  wheels,  which  support 
a  portion  of  tbe  load  during  takeoff.  Immediately  after 
takeoff,  such  wheels  must  be  dropped  because  of  lack 
of  provision  for  carrying  them  in  the  retracted  position 
and  also  because  they  will  not  be  necessary  once  the 
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fort  or  urtimmenl  is  expended.  Such  wheels  also  cun 
permit  takeoffs  from  semi -prepared  or  light-duty  run¬ 
ways.  Hreoverv  of  the  wheels  maybe  accomplished 
by  a  small  parachute.  'Ihe  parachute  serves  to  de¬ 
crease  rapidly  the  speed  and  distance  the  wheels  tra¬ 
vel  after  drop. 

3.1.2  RKQUIRKMKNTS  KOI!  A  DHOI’I’AM.K- 
ftHKK.I.  RFCOVKRY  SYSTKM . 

(a)  Rapid-opening  canopy. 

(b)  Simple  single-parachute  system. 

(c)  I’ositive  deployment  svstem. 

(d)  Provision  on  the  auxiliary  wheel  for  housing 
the  parachute. 

3.4.3  DHOrUAHLK-KTIKKI.  RKCOVKRY -SYSTKM 
DKS1GN.  In  this  system,  the  degree  of  stabilization 
is  not  of  primnrv  concern.  The  octagonal  canopy  has 
proved  quite  adequate.  Accelerated  opening  should  be 
strived  for,  and  may  be  achieved  by  cunopy  selection 
und  use  of  pocket  bands  Deployment  should  be  accom¬ 
plished  by  use  of  a  simple  static-line  system  from  the 
strut  to  the  droppable  wheel  that  is  designed  to  break 
nt  the  strut. 

3.5  Ejsction-S*at  ami  Emargancy-Eseapa-Cop- 
suln  Stabilization 

3.5.1  (IKNKRAI,.  Seat  ejectiun  at  high  subsonic 
and  supersonic  speeds  poses  a  stabilization  problem. 
Aerodynamic  force*  can  cause  such  abrupt  and  rapid 
tumbling  of  the  seat  that  a  man's  physical  and  mental 
control  may  be  last.  Many  avenues  of  research  are 
being  taken  to  overcome  this  problem,  including  aero- 
dynamically  stabilized  capsules  or  compartments, 
parachute-stabilized  capsules  or  compartments,  and 
parachute-stabilized  ejection  seals. 

3.5.2  RKQUIRF.MF.NTS FOR  KJKCTION -SKAT AND 
KMK.RGKNCY •  KSC APK-C APSlILK  STABILI¬ 
ZATION  HY  PARACHUTK. 

(a)  Kxtremely  rapid  deployment  of  stabilization 
parachute  to  avoid  canopy  fouling  on  gyrating  seat 
or  capsule. 

(b)  Rapid  and  reliable  opening  at  subsonic  and 
supersonic  airspeeds. 

(c)  Positive  parachute  deployment;  forced  ejection 
to  deploy  parachute  in  a  region  not  appreciably  affect¬ 
ed  by  the  wake  of  the  seat  or  capsule. 

(d)  Sufficient  drag  to  control  seat  or  capsule  tumb¬ 
ling  before  parachute  system  is  fouled. 

(e)  Manual  control  must  be  possible  for  any  indi¬ 
vidual  operation  during  the  sequence  prior  to  the  de¬ 
ployment  of  the  recovery  parachute.  If  manual  control 
is  not  used,  automatic  control  must  take  over. 

(f)  Adequate  clearance  ol  aircraft  structure  must  be 


assured. 

(g)  Accelerations  must  be  kept  within  acceptable 
human  tolerances. 

3.5.3  KJKdH ON-SKAT  AND  KMK.RGKNCY -KSC  APK 
-CAIMH.K  STA Dll  JZ ATION-.SYSTKM  DKSIGN.  Be- 
cause  deployment  may  take  place  at  anpersonic  air¬ 
speeds,  and  very  rapid  canopy-opening  characteristics 
are  required,  the  canopy  selected  must  be  able  to 
withstand  high  opening-shock.  However,  the  opening- 
shock  of  the  canopy  must  not  exceed  human  tole¬ 
rances.  Gravitational  farces  imposed  upon  the  seat 
or  capsule  by  the  canopy  must  not  exceed  20  g  for  a 
period  of  one  second,  and  the  rate  of  application  of 
force  must  not  exceed  200  g  per  sec.  Canopy  deploy¬ 
ment  must  he  rapid  and  positive,  and  must  be  accom¬ 
plished  in  a  region  not  blanketed  by  the  seat  or  cap¬ 
sule.  Normally,  positive  deployment  requires  forcible 
ejection  of  the  parachute  by  means  of  ejector  guns, 
blast  bags,  or  other  pyrotechnic  systems.  The  hridle 
must  be  designed  for  quick  stabilization  of  the  sent  or 
capsule  without  creating  excessive  snap  or  overcor¬ 
rection.  Deployable  aerodynamic  decelerators  con¬ 
sidered  for  stabilization  of  emergency-escape  capsules 
that  separate  from  aircraft  at  anpersonic  speeds  have 
ribbon  canopies  and  spherical  or  conical  pressure-in¬ 
flated  devices.  Recovery  parachutes  for  fioal-stage 
descent  are  based  on  cargo  or  mi  ns  ile -recovery  para¬ 
chute  designs.  Some  ejection-seat  deaigna  allow  for 
altitude-controlled  separation  of  person  and  seat, 
while  with  others,  the  person  remains  in  the  seat  all 
the  way  to  the  ground.  For  the  latter  type,  a  main 
recovery-parachute  must  be  packed  and  carried  on  the 
seat.  Stabilization-parachute  designs,  basically,  are 
the  same  aa  those  used  for  first-stage  misaile  and 
drone  recoveries.  A  schematic  diagram  of  possible 
stabilization-parachute  system-operation  for  a  pilot- 
ejection  seat  or  escape  capsule  is  shown  in  Fig.  5-16. 

3.6  Anti-Spin  Parachutes.  A  spin -recovery  para¬ 
chute  is  used  as  an  emergency  device  on  airplanes 
during  flight  spin-demonstration  in  order  to  restore 
normal  flying  attitude  if  conventional  control  methods 
applied  by  the  pilot  fail.  Spinning  in  a  condition  in 
flight  where  the  entire  aircraft  rotates  around  aa  inclined 
or  vertical  axis  until  stopped  by  control-manipnlationa 
of  the  pilot.  Under  some  conditions,  the  pilot  in  unable 
to  restore,  normal  flying  attitude.  In  such  coses  the 
pilot  releases  an  anti-spin  parachute.  The  retmdstion 
force  of  such  a  parachute  usually  recovers  the  air¬ 
craft  within  1-1/2  to  3  spins,  depending  upon  the 

aize  of  the  parachute  used.  The  size  of  the  parachute, 
however,  is  limited  by  the  structural-design  criteria 
of  the  particular  aircraft.  In  recent  yearn,  ribbon  or 
ring-slot  canopies  have  been  selected  for  anti-spin 


295 


3RD  STAGE  MAIN  PARACHUTE  REEFED 
AT  15,000  FT  A  4  SEC. 


Fit.  5-lb  Stabilization  and  Recovery  System  Sequence 


application.  They  provide  good  stability  and  their 
opening-shock  factor  is  only  slightly  above  the  steady 
effective-drag  force.  When  there  is  a  need  for  u  spin- 
recovery  parachute,  wind-tunnel  tests  of  scale-model 
canopies  are  conducted  to  establish  the  necessary 
design  criteria,  size,  stability,  riser  length,  etc.,  for 
fabrication  of  a  full-size  parachute. 

Anti-spin  parachutes  are  designed  with  a  safety 
factor  of  three,  whenever  possible.  The  geometrical 
porosity  of  the  canopy  is  held  to  approximately  16 
per  cent  to  insure  quick  and  proper  inflation.  The 
riser  (or  tow-line)  length,  the  distance  between  the 
aircraft  attachment  and  the  suspension-line  confluence 
point,  may  vary  from  30  ft  to  SO  ft. 

A  typical  nnti-spin  parachute  is  inclosed  in  a  spe¬ 
cially  designed  parachute  pack  for  installation  on  the 
outside  of  the  tail  section.  These  packs  are  closed 
by  a  two-  or  three-pin  ripcord  cable.  A  pilot  chute  of 
a  standard  coil-spring  type,  2  or  3  ft  in  diameter,  is 


stored  inside  the  pack.  The  ripcord  cable  is  extended 
through  the  fuselage  to  the  pilot  cabin,  terminating  in 
a  control  handle  easily  reached  by  the  pilot,  la  an 
emergency,  the  handle  will  be  operated  for  disengaging 
the  ripcord  pins,  allowing  the  pilot  chste  to  escape 
and  subsequently  deploying  the  anti-spin  parachute. 
Installation  of  the  pack  outside  the  aircraft  is  con¬ 
sidered  adequate  in  most  instances  since  the  aircraft 
speed  during  spin-demonstration  is  kept  considerably 
below  the  maximum  flying  speed  of  the  aircraft. 

This  method  of  parachute  deployment  is  satisfactory 
for  speeds  up  to  160  knots.  However,  a  sequeaced- 
deployment  method  using  deployment  bags  should  be 
applied  for  speeds  above  160  knots.  Applying  a  con- 
trolied-deployment  method  reduces  snatch  forces  and 
also  provides  a  more  even  canopy-deployment.  Is  some 
cases,  especially  in  high-speed  missions,  the  anti- 
spin  parachute  is  stored  in  the  deceleration-parachute 
compartment.  The  volume  available  in  such  compart- 
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menta  ia  uauaily  auffirienl  fur  storage  of  uu  unli- 
apin  parachute. 

In  aome  iaatancea  a  dual-parachute  system  ha» 
been  utilized,  which  ia  aequenced  ao  that  if  one  sys- 
tern  ahould  fail  to  function  the  reaerve  parachute  run 
be  releaaed.  In  a  aeriea  of  actual  flights,  thia  ayatem 
proved  to  be  very  effective  and  ia  recommended  for 
inatullation  where  the  controllability  of  the  aircruft 
during  the  initial  phaae  of  teating  repreaenta  a  difficult 
problem. 

Moat  upia-demonatration  leata  are  accompliahed  at 
high  altitudes,  so  that  there  ia  ample  time  for  re¬ 
covery  maneuvers  and  sufficient  time  for  the  pilot  to 
escape  if  all  control  methods  applied  ahould  fail. 

SEC  4.  AEROSPACE- VEHICLE  RECOVERY 

4.1  General  Parachute  systems  for  the  re¬ 
covery  of  missiles,  drones,  or  other  aerospace  vehi¬ 
cles  must  be  designed  to  recover  auch  vehicles  under 
the  moat  critical  conditions  anticipated.  This  capa¬ 
bility  ia  a  substantial  aid  in  the  development  of  a  re¬ 
liable  weapon-system,  since  it  allows  examination  of 
missile  systems  and  components  and  subsequent  de¬ 
termination  of  the  cause  of  any  failure  due  to  the  mal¬ 
function  of  a  specific  missile  element.  These  re¬ 
covery  systems  must  be  individually  designed  to  ob¬ 
tain  the  desired  performance  applicable  to  a  specific 
vehicle,  a  specific  flight,  and  a  specific  performance 
desired.  Problems  in  devising  a  Satisfactory  vehicle- 
recovery  system  can  be  grouped  in  four  major  cate¬ 
gories: 

(1)  Overall  deai|p  consideration  baaed  on  the  anti¬ 
cipated  flight  conditions  and  environments; 

(2)  Detailed  design  layout  based  on  number  of 
deceleration  stages  and  components  required; 

(3)  Requireamnt  for  repeated  use  of  recovered  items; 
and 

(4)  Fabrication  of  the  recovery  system  and  free- 
flight  teating  under  simulated  or  actual  recovery  con¬ 
ditions. 

The  development  and  testing  of  aerodynamic  de- 
celerators  for  thia  application  has  been  sponsored 
largely  by  the  military  services.  Theoretical  considera¬ 
tions  and  design  criteria  in  this  field  are  sufficiently 
fluid  to  permit  the  introduction  of  new  ideas,  designs, 
and  procedures,  provided  they  are  proven  by  test.  It 
is  recommended  that  recovery -system  designers  main¬ 
tain  close  liaison  with  governmental  agencies  that  are 
responsible  for  research,  design,  and  development  of 
aerodynamic  decelerutors  in  order  to  profit  from  the 
latest  experience  in  this  field. 

4.2  Overall  Design 


4.2.1  PRINCIPLES.  The  basic  purpose  in  de¬ 
signing  any  recovery  system  is  to  decelerate  the  re¬ 
coverable  body  from  the  speed  and  altitude  at  which 
it  is  traveling  prior  to  recovery  to  a  low  vertical 
speed  at  a  low  altitude,  at  which  ground  impact  shall 
cause  no  or  only  minimum  damage. 

The  designer  must  study  the  recovery  system  and, 
if  applicable  to  the  body  to  be  recovered,  devise  a 
system  complete  with  a  number  of  stages,  parachute 
types  and  sires,  parachute-compartment  location  and 
configuration,  deployment  system  and  procedure,  re¬ 
lease  and  control  system,  and  landing  shock-absorbing 
or  flotation  methods. 

Hefore  any  one  stage  or  component  of  a  recovery 
system  can  be  designed,  it  is  necessary  for  the  de¬ 
signers  give  consideration  to  the  overall  requirements 
and  conditions  imposed  by  the  vehicle  design  and  the 
flight  regime  in  which  it  is  to  operate.  The  final  de¬ 
sign  of  an  aerodynamic  decelerator  recovery-system 
must  reflect  the  best  possible  compromise  between 
decelerator  size  and  cost,  damage  factor,  and  effect 
on  the  performance  of  the  vehicle  caused  by  weight 
and  bulk  of  the  recovery  system. 

Recovery  of  vehicles  from  atmospheric  and  space 
flight  consists  of  all  or  some  of  the  following  phases: 

(a)  Atmospheric  re-entry  and  hypersonic  decelera¬ 
tion; 

(b)  Supersonic  deceleration  and  stabilization; 

(c)  Final  recovery ; 

(d)  Ground  or  water  impact;  and 

(e)  Location  and  retrieving. 

Overall  design  considerations  for  aerodynamic  de- 
celeratora  utilized  in  recovery  systems  will  be  dis¬ 
cussed  as  they  relate  to  the  High1  regimes  listed 
under  (a),  (b),  and  (c)  above. 

4.2.2  ATMOSPHERIC  RE-ENTRY  AND  HYPER¬ 
SONIC-SPEED  DECELERATION.  Aerospace  ve¬ 
hicles  in  the  outer  fringe  of  the  atmosphere  introduce 
new  phenomena  and  concepts  which  must  be  considered 
in  the  design  philosophy  to  be  used  for  such  vehicles. 
Considering  that  returning  space-vehicles  will  be 
encountering  the  perceptible  atmosphere  almost  as 
fast  as  meteors  do,  the  feasibility  of  safe  atmospheric 
deceleration  is  by  no  means  obvious  at  first  glance. 
The  terminal  phase  of  an  orbiting  vehicle  (when  the 
vehicle  encounters  the  perceptible  atmosphere)  can 
be  the  most  critical  phase  of  a  satellite’s  flight.  The 
major  aspects  of  the  re-entry  problem  are  aerodynamic 
heating,  vehicle  maneuverability,  and  deceleration. 
The  lowest  heating  rates  and  smallest  decelerations 
are  obtained  for  tangential  (very  shallow)  re-entries, 
but  the  total  heat  absorbed  during  a  shallow  re-entry 
is  greater  than  during  a  steep  one.  The  heating  rate 
nnd  decelerations  can  be  controlled  by  any  method 
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that  increase*  the  re-entry  time;  i.e.,  by  use  of  lift, 
the  re-entry  angle  can  be  held  to  a  relatively  low 
angle,  or  by  having  large  surface*  whereby  significant 
aerodynamic  drag  forces  can  be  generated  at  higdi 
altitudes.  In  the  case  of  a  constant-drag  device,  the 
optimum  ballistic  coefficient  (V/CpA)  is  approximately 
10  (Ref  (5-1),  (5-2)).  For  re-entry  angles  less  than  or 
equal  to  -3  deg,  the  peak  decelerations  wi  th  a  W/CpA 
of  10  are  below  A  g's,(g  -  /J/j r)  (Fig.  5-17).  Kemp  and 
Riddell  have  shown  that  for  hypersonic  flijdit  the 
approximate  heat-transfer  rate  ran  be  obtained  from 
the  following  expression: 


The  temperature  in  degrees  llnnkine  cun  be  obtained 
by  the  following  expression: 


where  -  Stagnation  heating  rate  Rtu/aecsqft  ; 

/?  y  •=  Nose  radius; 

p/po  **  l,ocal-to-sea-level  density  ratio; 

V/Vc  *■  I, ocul-to-circular  orbital-velocity  ratio; 


Fig-  5-17  Ballistic  Coefficient  vs  Maximum  Decelera¬ 
tion  and  Stagnation  Point  SurfaceTemperature 


t  >-  Kiaissivity  (dependent  on  muteriul) 
between  0.7  and  0.9;  and 
E  »  Stefun-lioltzman  constant  (0.476 x  10*^ 
Htu/ft2-sec-°H4). 

Analytical  calculations  and  shock-tube  tunnel  tests 
have  shown  that  when  for  various  drag  shapes,  the 
drag,  heating,  and  static  stability  are  compared,  the 
70-deg  cone  is  the  optimum  configuration.  The  Cp  of 
the  70-deg  cone,  with  a  length -to-diameter  ratio  of  0.3 
and  a  ratio  of  drag  device  to  capsule  area  of  50,  is 
approximately  1.5  at  Mach  A. 

In  the  development  of  an  exploratory  test-model,  the 
structural  problems  and  complexity  of  a  system  often 
make  it  necessary  to  deviate  from  the  optimum  aero¬ 
dynamic  shape.  For  the  sake  of  model  structural  sim¬ 
plicity,  numerous  wind-tunnel  tests  and  free -flight 
testa  have  been  conducted  on  an  inflatable  spherical 
balloon  (Ref  (5-3)).  Wind-tunnel  tests  on  spherical 
ballons  have  been  conducted  up  to  Mach  3.5  and  free- 
flight  tests  above  Mach  2  at  an  altitude  of  150,000  ft. 
The  results  of  both  the  wind-tuneel  and  free-flight 
tests  indicate  that  an  inflatable  sphere,  utilizing 
readily  available  material  and  present-day  manufactur¬ 
ing  methods,  is  feasible  and  is  a  practical  method  of 
decelerating  and  stabilizing  a  recoverable  pay  load 
from  high-altitude  and  high-speed  flight  regimes,  (n 
the  low  aubsonic-speed  regime  it  was  found  necessary 
to  use  an  inflatable  torus  around  the  sphere  as  a 
boundary-layer  trip  to  obtain  static  stability.  The 
supersonic  Cp  of  a  sphere  is  slightly  less  than  unity 
(0.93  Cp). 

The  optimum  or  conical,  flexible,  inflatable  shape 
has  undergone  wind-tunnel  tests  up  to  Mach  10  and 
shows  compatible  Cp  with  data  obtained  from  solid 
models.  The  questionable  part  of  a  cone-shape  perfor¬ 
mance  is  the  stability  of  the  cone  when  cone  angles 
greater  than  70  deg  are  considered.  The  shock-tube 
tunnel  tests  and  the  tests  on  the  inflatable  cone  both 
show  static  stability  for  cone  angles  up  to  70  deg. 

The  pace  or  speed  that  aerospace  vehicles  were 
being  developed  forced  deviation  from  an  analytical 
step-progression  to  orbital  velocities. On  a  competitive 
basis  with  retro-rockets,  heat-wink,  and  parachute 
final -re  co  very,  a  mechanically  expandable  re-entry 
vehicle  with  lif^it,  flexible,  foldable  skin,  and  low 
W/CpA  was  investigated.  This  high-drag  device  be¬ 
came  known  as  the  AVCO  drag-brake.  In  low-altitude 
orbits  (150  n.m.)  or  lower,  the  drag-brake  had  suffi¬ 
cient  area  to  produce  a  drag  force  large  enough  to 
circularize  or  make  in-plane  orbit  corrections  and 
de-orbit.  The  drag-brake  is  radiation-cooled  with  tem¬ 
perature  remaining  below  1300  F  at  all  times  and  at 
all  points  (Ref  (5-4)).  It  does  not  require  any  addi¬ 
tional  drag-producing  body  for  final  recovery  over 
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TABI.K  5-2  VARIATION  OK  FACTORS  WITH  Ul)  RATIOS 
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water.  Thr  multiple  use  of  the  drag-brake  aerodynamic 
surfaces  eliminates  the  requirement  for  n  retro-rocket, 
an  attitudr-control  system,  nr  a  final-recovery  para¬ 
chute-system  and  results  in  a  significant  weight  sav¬ 
ing  (lief  (5-5)).  In  comparison  with  rigid  re-entry  bod¬ 
ies  the  expandable-structure  decelerator  will  be  be¬ 
tween  25  per  cent  and  50  per  cent  lighter.  It  should  be 
noted  that  the  missions  possible  with  the  drag-brake 
are  limited  to  orbital-plane  re-entries  and  orbital  al¬ 
titudes  below  150  n.m.  In  comparing  the  drag-brake 
with  rigid  vehicles  having  a  constant  lift-to-drag  ratio 
(see  Table  5-2).  it  can  be  seen  that  the  drag-brake 
has  a  much  lower  total  heat  ratio.  It  can  also  be  seen 
that  the  maximum  benefit  of  lift  in  controlling  decelera¬ 
tion  and  heating-rate  in  obtained  from  lift-to-drag 
ratios  between  zero  and  one-half.  The  control  of  de¬ 
celeration  and  heating  rate  is  not  greatly  improved  for 
vehicles  with  higher  L  'l )  ratios,  but  the  altitude- 
rauge  and  the  horizontal-travel  capability  (cross- 
range  capability)  increases  proportionally  with  the 
square  of  the  L>  D  ratio. 

The  base  for  the  above  comparison  is  an  expan¬ 
dable-structure  zero-lift  decelerator.  It  can  be  seen 
from  Table  5-2  that  lift,  in  addition  to  permitting 
cross-range  maneuverability,  also  decreases  the  heat¬ 
ing  rate  and  peak  deceleration. 

It  has  been  shown  that  )x>th  the  lightweight  ex¬ 
pandable  structure  with  zero  lift  and  rigid  vehicles 
with  lift  each  have  desiruble  features  not  obtainable 
by  the  other.  It  can,  therefore,  be  concluded  that  the 
desirable  re-entry  decelerator  should  possess  the 
desirable  qualities  of  both  non-lifting  and  lifting  re¬ 
entry  bodies.  The  desirable  features  of  an  expandable 
non-lifting  decelerator  are  high  weight-efficiency 
(relative  weight  for  the  same  payload),  compact  launch- 


vehicle,  low  bullistic-coefficientdf'/C^d^,  high  opera- 
tionul-altitude  (above  200,000  ft),  high  emissivitv, 
low  total-heat,  and  reduced  communication-problem 
through  the  ionized  flow.  The  lifting  vehicle  has  as 
desirable  features  maneuverability,  lower  heating, 
rutes,  lower  deceleration,  and  confidence  in  design 
and  fabrication  gained  from  years  of  aircraft  experience. 
A  composite  vehicle  in  which  as  many  desirable  fea¬ 
tures  of  both  expandable  non-lifting  deceleratora  and 
lifting  vehicles  are  combined  in  the  decelerator  now 
being  explored  by  analytical  and  environmental  tents. 
The  applications  of  the  composite  vehicle  for  three 
general  missionsure being  explored  (Ref  (5-6)):  (1)  re¬ 
entry  and  recovery  in  the  plane  of  orbit  for  a  low- 
altitude  earth-orbit  (less  than  150  n.m,);  (2)  the  maxi¬ 
mum  cross-range  achievable  from  that  type  of  orbit; 
and  (3)  super-orbital  re-entries  considering  both  a 
parking  orbit  and  a  straight-in  or  single-orbit  re-entry. 
The  indications  to  date  are  that  both  of  the  earth- 
orbiting  missions  can  be  accomplished  and  that  the 
maximum  range  obtainable  is  approximately  one-half 
the  distance  between  orbital  passes.  The  limiting 
temperature  of  the  material  for  this  study  was  estab¬ 
lished  to  be  1800  F.  In  the  achievement  of  the  600  n.m. 
cross-range  capability,  the  temperature  limit  imposes 
a  payload  limit  which  will  be  established  in  this 
study.  The  super -orbital  application  is  far  from  fea¬ 
sible  due  to  limitations  on  an  expandable  structure 
caused  by  temperature.  ’Ihe  radiative  heating  can  be 
lessened  with  a  \ovi-V/CpA  high-altitude  decelerator 
design. 

The  major  areas  to  be  further  explored  before  prac¬ 
ticable  wide-scale  application  of  a  composite  vehicle 
can  be  realized  lie  in  the  method  of  achieving  attitude- 
control  forces  and  expandable  structure  for  flexibility 
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Mini  higher-temperature  aervice.  The  design  and  fabri¬ 
cation  methods  will  also  require  much  attention,  but 
will  depend  greatly  upon  the  characteristics  of  the 
expandable  or  cloth-like  skin  structure.  Kven  though 
many  improvements  in  expandable  structures  are  re¬ 
quired,  meaningful  exploratory  test-assemblies  can 
now  be  fabricated  and  tested. 

4.2,3  SI J PF.R  SONIC -SPRKD  DF.CF.l.F.  RATION. 
Aerodynamic  decelerators  are  essential  for  the  initial 
deceleration  and  stabilization  of  aerospace  vehicles 
to  reduce  their  velocity  for  the  safe  initiation  of  final 
recovery  by  a  large  parachute  (Ref  (5-7).  (5-8).  In 
addition,  aerodynamic  deceleration  devices  are  re¬ 
quired  for  the  initial  deceleration  or  stabilization 
(or  both)  of  missiles  and  drones,  boosters,  space  and 
data  capsules,  and  a  variety  of  re-entry  vehicles. 

To  fulfill  these  requirements,  a  number  of  decelera- 
tor  concepts  are  being  investigated. 

For  applications  in  the  transonic  and  supersonic- 
flight  regimes,  self-inflating  trailing  aerodynamic  de- 
celerators  are  considered  to  be  the  most  suitable  be¬ 
cause  of  their  relative  simplicity  of  design  and  opera¬ 
tion. 

Two  of  the  most  common  types  of  trailing  aerodyna¬ 
mic  decelerators  which  have  been  employed  exten¬ 
sively  for  these  applications  use  the  guide-surface 
and  the  ribbon-type  canopies.  The  guide-surface  para¬ 
chute  has  been  successfully  deployed  at  transonic 
speeds  (up  to  M  »  1.4)  and  sea-level  conditions  (Ref 
(5-9))  and  the  tlemisflo  (ribbon)  parachute  has  been 
successfully  tested  at  M  m  2.45  and  60,000  ft  altitude 
(Ref  (5-10)).  The  latter  device  represents  the  extent  of 
the  present  state-of-the-art  of  supersonic-speed  self- 
inflating  aerodynamic  decelerators. 

4.2.3. 1  Design  Considerations.  Although  the  above 
configurations  were  successfully  tested,  phenomena 
detrimental  to  their  use  as  effective  supersonic-speed 
decelerators  became  evident.  In  the  case  of  bigh-alti- 
tude  andhirfi  Mach-number  applications,  the  immediate 
consideration  was  that  of  dynamic  pressure.  If  this 
pressure  is  too  low,  the  parachute  may  not  fully  inflate, 
and  twisting  of  the  lines  may  result,  thereby  prevent¬ 
ing  full  inflation  at  a  later  time  (even  if  the  dynamic 
pressure  increases).  Assuming  that  the  parachute 
inflates  satisfactorily  after  deployment  at  these  con¬ 
ditions,  additional  problems  may  arise.  One  problem 
encountered  is  that  of  “canopy  breathing”,  i.e.,  the 
canopy  will  extend  from  over-inflation  to  complete 
collapse  (or  any  defpee  between  these  limits),  pulsing 
at  a  very  rapid  frequency.  This  can  be  reduced  by 
choosing  either  proper  geometric-porosity  distribution 
or  a  suitable  canopy  shape,  or  both.  An  additional 
problem  (also  related  to  the  first  one)  is  that  of  para¬ 


chute  instability  about  the  attachment  point  due  to  the 
fluctuation  of  the  canopy  bow-shock  wave.  This  fluc¬ 
tuation  is  the  change  of  direction,  force,  and  shape 
of  the  shock  wave  brought  about  by  the  spilling  and 
recapturing  of  air  within  the  canopy  (Chap.  4,  Sec.  6), 
the  interactions  with  the  wake  and  enapension-line 
boundary-layers,  and  any  other  small  disturbance  in 
the  flow  field  ahead  of  the  canopy.  Again,  proper 
canopy  shape  and  the  magnitude  and  distribution  of 
porosity,  along  with  any  prevention  of  induced-flow 
field-disturbances,  will  reduce  this  effect.  A  third 
problem  is  that  of  aerodynamic  heating  (Chap.  4, 
Sec.  12),  which  may  require  parachute  material  other 
than  Nylon  or  Dacron  (Chapter  6)  if  the  expected 
parachute  temperature  exceeds  the  maximum  allow¬ 
able  for  these  materials.  Time  of  exposure  under  these 
temperatures,  naturally,  has  a  large  effect.  Considera¬ 
tion  must  be  given  to  the  problem  of  aerodynamic 
flutter;  flutter  is  especially  pronounced  on  ribbon 
parachutes  where  the  individual  ribbons  experience 
high-frequency  oscillations.  This  can  cause  canopy 
instability  about  its  own  center  of  gravity  as  well  as 
about  the  attachment  point  and  can  cause  early  ma¬ 
terial  deterioration  through  the  transformation  of  kine¬ 
tic  energy  to  heat.  Flutter  may  be  reduced  by  elimi¬ 
nating  any  excess  material  and  arranging  ribbons  to 
yield  the  lesst  amount  of  flat-plate  lift  (considering 
the  ribbon  an  a  flat  plate  at  an  angle  of  attack  to  the 
flow). 

For  the  case  of  parachutes  operating  at  high  Mach- 
numbers  and  high  dynamic  pressures  (such  an  at  sen 
level),  another  prohlemtin  addition  to  those  previously 
discussed)  must  be  given  consideration.  Thin  in  the 
fact  that  die  parachute  must  be  capable  of  withstand¬ 
ing  large  structural-loading.  Further,  these  heavy 
loads  can  contribute  to  or  agjgsvate  the  other  desifp) 
considerations  or  make  them  more  critical.  These  large 
canopy  loadings  necessitate  judicious  design  and 
fabrication  of  the  ennopy  including  the  selection  of 
the  type  of  fabric,  the  location  of  heaviest  construc¬ 
tion  (“beefing-up”  of  expected  highToad  and  high- 
temperature  areas),  and  choice  of  canopy -component 
junctions . 

4. 2.3.2  Other  Approaches.  Concepts  other  than 
conventional  parachute  configurations  (an  mentioned 
in  the  Introduction)  are  being  considered  for  applica¬ 
tions  in  this  speed  regime  to  eliminate  or  reduce  some 
of  the  problems,  or  to  provide  a  choice  of  nwthodn  for 
completing  u  given  mission  in  the  most  effective  and 
efficient  manner. 

4.2.4  FINA1,  RECOVERY.  After  the  vehicle  has 
been  decelerated  to  an  equilibrium  condition,  the 
final  parachute  will  be  deployed.  It  in  desirable  to 
keep  the  deployment  altitude  of  this  parachute  below 
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1 5, 000  ft  in  order  to  limit  tlie  opening  force*  and  res¬ 
trict  the  drift  of  the  system  during  final  descent.  The 
finHl  piinirhute  should  provide  n  lurge  drug-ureu  and 
should  limit  oscillation  to  -  10  deg.  To  obtain  these 
characteristics,  clustering  of  final-stage  recovery 
parachutes  has  been  used  successfully  in  some  in¬ 
stances.  Allowable  terminal-velocities  depend  on  the 
vehicle  or  human  {-limitation*. 

In  general,  rates  of  descent  for  |>roper  load  recovery 
ure  less  than  20  fps  if  no  shock-absorption  devices 
are  used,  25-30  fps  with  shock-absorption  devices, 
und  shout  SO  fps  with  nose  spikes  or  for  over-water 
recovery. 

Usually,  the  canopy  selected  for  final -stage  recovery 
will  be  one,  or  a  cluster,  of  the  following: 

(a)  Extended-skirt  canopy; 

(b)  Solid  flut  circular  canopy  (generally  used  in 
clusters  of  three  or  more  to  achieve  the  desired  sta¬ 
bility); 

(c)  King-slot  canopy; 

(d)  Flat  circular  ribbon  canopy;  or 

(e)  King-sail  canopy. 

4.3  General  Design  Considerations.  I'he  fol¬ 
lowing  is  a  list  of  considerations  in  the  design  of  mis¬ 
sile,  drone,  or  space-vehicle  recovery  systems: 

(a)  Possible  range  of  speed  at  initial  deployment; 

(b)  Possible  range  of  altitude  at  initial  deployment; 

(c)  Type  of  recovery  desired,  such  as  (1)  rapid, 
stabilized  descent,  (2)  delayed  descent,  and  (3)  free 
descent,  in  which  final  impact  ia  the  only  considera¬ 
tion; 

(d)  Allowable  weight  and  space  available  for  de¬ 
ployable  aerodynamic  decelerator  and  impact-attenua¬ 
tion  system; 

(e)  Location  of  decelerator  or  decelerate ra,  which 
may  affect  the  insulation  required  and  type  of  deploy¬ 
ment,  such  as  (I)  pilot  chute,  (2)  static-line,  or  (3) 
forced-ejection  equipment; 

(f)  liridle  design,  which  includes  (1)  desirable 
angle  for  vehicle  support,  (2)  center  of  pavity  of 
vehicle  at  time  of  deployment  and  descent,  and  (3) 
farce-limitations  of  vehicle  at  load  connections; 

(g)  Maximum  g-tolerances  of  vehicle  and  direction 
of  g’s.  In  the  case  of  manned  vebicles,  maximum 
human  g- tolerances  and  rate  of  g -onset; 

(h)  Desirable  stability  and  angle  of  descent  at 
final  impact; 

(i)  Shock-attenuation  system  to  be  used  for  final 
impact; 

(j)  Geographical  and  physiographical  area  iu  which 
vehicle  is  expected  to  operate; 

(k)  Wei^it  of  vehicle  at  anticipated  recovery  time; 

(l)  Position  of  first-stage  parachute  at  inflation, 
as  influenced  by  (1)  motor-blast  heat  and  pressure. 


and  (2)  wake  effect; 

(m)  Aerodynamic  heating;  and 

(n)  Vehicle  configuration  (stable  or  unstable  in  des¬ 
cent). 

4.3.1  INITIATION.  Deployment  of  a  recovery  sys¬ 
tem  can  he  initiated  by  pound  command;  by  flight 
conditions  such  us  engine  failure,  loss  of  control  sig¬ 
nal,  or  loss  of  braking  signal;  or  in  tbe  case  of  emer¬ 
gency  escape,  by  an  altitude-velocity  sensor  which  ia 
armed  by  a  timer  at  a  predetermined  interval  (usually 
0.5  sec)  after  separation  of  escape-capsule  from  air¬ 
craft. 

4.3.2  RECOVERY  SEQUENCE.  Recovery  normally 
consists  of,  but  in  not  limited  to,  two  or  more  stages 
involving  parachutes  or  other  drag-producing  devices 
to  accomplish  the  deceleration  and  subsequent  descent 
to  the  pound.  Fig.  S-1R  shows  a  plot  of  altitude  and 
flight-path  speed  for  a  typical  five-stage  recovery 
system.  The  number  of  stages  and  the  design  of  the 
decelerator  for  each  stage  is  determined  by  the  follow¬ 
ing  recovery  conditions: 

(a)  Deployment  Speed  and  Altitude.  The  require¬ 
ments  for  the  firs, -stage  decelerator  design  are  deter¬ 
mined  by  the  speed  and  altitude  at  which  it  is  to  be 
deployed.  The  values  selected  shall  be  the  most  criti¬ 
cal  (maximum  and  minimum)  that  can  reasonably  be  ex¬ 
pected  during  uncontrolled  tests  or  operational  flights 
of  the  vehicle. 

(b)  Recovery  Weight.  The  recovery  weight  is  the 
weight  of  the  missile,  the  <bone,  the  escape-capsule 
with  occupant,  the  aerospace  vehicle,  or  their  com¬ 
ponents,  to  be  recovered.  This  value  can  vary  because 
of  changing  conditions  or  fuel  load.  Therefore,  it 
should  be  the  maximum  weight  under  which  recovery 
is  to  be  mnde.  Consideration  must  be  given  to  reducing 
this  value  by  dumping  fuel  or  jettisoning  part*  of  the 
body  that  are  to  be  recovered. 

4.3.3  MAXIMUM  DECELERATION.  Knowledge  of 
the  inaptitude  and,  in  the  case  of  emergency  escape,  the 
rate  of  application,  of  the  g’s  imposed  on  a  vehicle  or 
its  occupant  is  required  to  determine  the  number  of 
stages  required,  the  decelerator  sites,  and  the  timing 
of  the  recovery  sequence.  Not  only  must  the  limit  of  the 
vehicle  structure  be  considered  in  determining  the 
allowable  g’s,  but  also  the  powerplant,  instruments, 
control  system,  and  other  accessories.  Fig.  5-19  illu¬ 
strates  human  tolerance  to  accelerations.  This  chart 
ia  extracted  from  IISAF  Specification  MIL-C-25969A. 
The  graph  depicts  zones  of  allowable  accelerations 
in  both  the  transverse  and  longitudinal  directions. 
Further  limitations  must  be  established  as  to  tbe  mag¬ 
nitude  of  the  longitudinal  and  transverse  accelerations 
that  can  be  imposed  when  both  are  acting  concuirently 
on  a  human.  In  addition  to  consideration  of  transla¬ 
tional  accelerations,  in  some  instances  it  may  be 
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15,000  ft  in  order  to  limit  the  opening  force*  and  res¬ 
trict  the  drift  of  the  Hysteni  during  final  descent.  I  he 
final  parachute  should  provide  a  large  drug-area  and 
should  limit  oacillation  to  -  10  deg.  To  obtain  theae 
characteristics,  clustering  of  finul-etage  recovery 
parachutes  has  been  used  successfully  in  some  in¬ 
stances.  Allowable  terminal-velocities  depend  on  the 
vehicle  or  human  g-limitutions. 

In  general,  rates  of  descent  for  proper  load  recovery 
are  less  than  20  fps  if  no  shock-absorption  devices 
are  used,  25-30  fps  with  shock  -absorption  devices, 
and  about  50  fps  with  nose  spikes  or  for  over-water 
recovery. 

Usually,  the  canopy  selected  for  final-stage  recovery 
will  be  one,  or  a  cluster,  of  the  following: 

(a)  Extended-skirt  canopy; 

(b)  Solid  flut  circular  canopy  (generally  used  in 
clusters  of  three  or  more  to  achieve  the  desired  sta¬ 
bility); 

(c)  King-slot  canopy; 

(d)  Flat  circular  ribbon  canopy;  or 

(e)  King-sail  canopy. 

4.3  General  Design  Considerations.  The  fol¬ 
lowing  is  a  list  of  considerations  in  the  design  of  mis¬ 
sile,  drone,  or  space-vehicle  recovery  systems: 

(a)  Possible  range  of  speed  at  initial  deployment; 

(b)  Possible  range  of  altitude  at  initial  deployment; 

(c)  Type  of  recovery  desired,  such  as  (1)  rapid, 
stabilized  descent,  (2)  delayed  descent,  and  (3)  free 
descent,  in  which  final  impact  is  the  only  considera¬ 
tion; 

(d)  Allowable  weight  and  space  available  for  de¬ 
ployable  aerodynamic  decelerator  and  impact-attenua¬ 
tion  system; 

(e)  Location  of  decelerator  or  decelerators,  which 
may  affect  the  insulation  required  and  type  of  deploy¬ 
ment,  such  as  (1)  pilot  chute,  (2)  static-line,  or  (3) 
forced-ejection  equipment; 

(f)  llridle  design,  which  includes  (1)  desirable 
angle  for  vehicle  support,  (2)  center  of  pavity  of 
vehicle  at  time  of  deployment  and  descent,  and  (3) 
force-limitations  of  vehicle  at  load  connections; 

(g)  Maximum  g-tolerances  of  vehicle  and  direction 
of  g's.  In  the  case  of  manned  vehicles,  maximum 
human  g-tolerances  and  rate  of  g-onset; 

(h)  Desirable  stability  and  angle  of  descent  at 
final  impact; 

(i)  Shock-attenuation  system  to  be  used  for  final 
impact; 

(j)  Geographical  and  physiographical  area  in  which 
vehicle  is  expected  to  operate; 

(k)  Wei glit  of  vehicle  at  anticipated  recovery  time; 

(l)  Position  of  first-stage  parachute  at  inflation, 
an  influenced  by  (1)  motor-blast  heat  and  pressure, 


and  (2)  wake  effect; 

(m)  Aerodynamic  heating;  and 

(n)  Vehicle  configuration  (stable  or  unstable  in  des¬ 
cent). 

4.3.1  INITIATION.  Deployment  of  a  recovery  sys¬ 
tem  can  be  initiated  by  pound  command;  by  flight 
conditions  such  as  engine  failure,  loss  of  control  sig¬ 
nal,  or  loss  of  braking  signal;  or  in  the  case  of  emer¬ 
gency  escape,  by  an  altitude-velocity  senaor  which  in 
armed  by  a  timer  at  a  predetermined  interval  (usually 
0.5  sec)  after  separation  of  escape-capsule  from  air¬ 
craft. 

4.3.2  RECOVERY  SEQUENCE.  Recovery  normally 
consists  of,  hut  in  not  limited  to,  two  or  more  stages 
involving  parachutes  or  other  drag-producing  devices 
to  accomplish  the  deceleration  and  subsequent  descent 
to  the  ground.  Fig.  5-18  shows  a  plot  of  altitude  and 
flight-path  speed  for  a  typical  five-stage  recovery 
system.  The  number  of  stages  and  the  design  of  the 
decelerator  for  each  stage  is  determined  by  the  follow¬ 
ing  recovery  conditions: 

(a)  Deployment  Speed  and  Altitude.  The  require¬ 
ments  for  the  firs. -stage  decelerator  design  are  deter¬ 
mined  by  the  speed  and  altitude  at  which  it  is  to  be 
deployed.  The  values  selected  ahall  be  the  most  criti¬ 
cal  (maximum  and  minimum)  that  can  reasonably  be  ex¬ 
pected  during  uncontrolled  testa  or  operational  flights 
of  the  vehicle. 

(b)  Recovery  Weight.  The  recovery  weight  is  the 
weight  of  the  missile,  the  drone,  the  escape-capsule 
with  occupant,  the  aerospace  vehicle,  or  their  com¬ 
ponents,  to  be  recovered.  This  value  can  vary  because 
of  changing  conditions  or  fuel  load.  Therefore,  it 
should  be  the  maximum  weight  under  which  recovery 
is  to  be  mnde.  Consideration  must  be  given  to  reducing 
this  value  by  dumping  fuel  or  jettisoning  parts  of  the 
body  that  are  to  be  recovered. 

4.3.3  MAXIMUM  DECELERATION.  Knowledge  of 
the  magnitude  and,  in  the  case  of  emergency  escape,  the 
rate  of  application,  of  the  g’s  imposed  on  a  vehicle  or 
its  occupant  is  required  to  determine  the  number  of 
stages  required,  the  decelerator  sixes,  and  the  timing 
of  the  recovery  sequence.  Not  only  must  the  limit  of  the 
vehicle  structure  be  considered  in  determining  the 
allowable  g’s,  but  also  the  powerplsnt,  instruments, 
control  system,  and  ether  accessories.  Fig.  5-19  illu¬ 
strates  human  tolerance  to  accelerations.  This  chart 
is  extracted  from  USAF  Specification  MIL-C-25969A. 
The  graph  depicts  zones  of  allowable  accelerations 
in  both  the  transverse  and  longitudinal  directions. 
Further  limitations  must  be  established  as  to  the  mag¬ 
nitude  of  the  longitudinal  and  transverse  accelerations 
that  con  be  imposed  when  both  are  acting  concurrently 
on  a  human.  In  addition  to  consideration  of  transla¬ 
tional  accelerations,  in  some  instances  it  may  be 
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Ftg.  5-IH  Possible  Operational  Sequence  for  Multiple -Stage  Parachute  Recovery  System 

necessary  to  consider  the  rotational  accelerations 
which  are  heing  imposed  on  the  human  in  combination 
with  the  translational  accelerations, 

4.3.4  PARACHUTE'  COMPAR TMKNT.  Reliable 
recovery  operations  depend  upon  a  minimum  of  interfer¬ 
ence  with  the  deployable  aerodynamic  decelerator  dur¬ 
ing  the  deployment  procedure.  1'here  should  be  no  pro¬ 
jections  or  sharp  edges  in  the  way  of  the  deploying  de¬ 
celerator.  The  compartment  must  be  located  so  that  the 
deployment  path  passes  between  any  protrusions  such 
as  tail  surfaces.  If  possible,  the  aft  wall  of  the  compart¬ 
ment  should  have  a  considerable  slope  to  aid  in  ex¬ 
tracting  the  packed  parachute.  The  outer  edges  of  the 
compartment  should  be  rounded,  so  that  nothing  can 
snag  or  tear  the  bag  in  which  the  decelerator  is  packed. 

In  general,  the  motion  of  the  deploying  aerodynamic 
decelerator  will  be  straight  aft  in  relation  to  the  flight 
path  of  the  body.  The  best  location  for  the  compart- 


Fig.  5-19  Limits  of  Human  Tolerance 
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IMPACT  APPROX  296  SECONDS  - 

WITH  25  FT /SEC  RATE  OF  DESCENT 


DEPLOYMENT  PROJECTILE 

*  LINE  STOW  BREAK  CORDS 


Fig-  5-20  Diagram  of  Deployment  System 


men!  is,  therefore,  in  the  extreme  tail  of  the  vehicle. 
In  many  casca,  however,  the  temperature  of  thia  loca¬ 
tion  in  excesaive,  becauae  of  ita  proximity  to  the 
power  plant.  In  aueh  caaen,  the  posaibility  of  insula¬ 
ting  or  cooling  the  compartment  must  be  conaidereil. 
If  thia  ia  not  practical,  the  compartment  must  be  lo¬ 
cated  in  an  area  where  exceaaive  heat  will  not  be 
encountered. 

In  caaea  where  a  tniaaile  in  expected  to  be  tumbling 
at  the  time  of  deployment,  the  aft  poaition  will  not 
neceaaarily  be  the  beat.  The  decelerates  compartment 
will  then  have  to  be  located  to  accommodate  auch 
apecial  deployment  methodn. 

4.3.5  DEPLOYMENT.  Thin  process  must  be 
orderly  and,  insofar  as  possible,  there  ahonld  be  no 
alack  in  the  connecting  line  between  the  deceleralor 
and  the  vehicle  being  recovered.  Eor  deployment  of 
first-stage  decelerators  at  speeds  greater  than  sonic, 
some  means  of  forceful  ejection  must  be  utilized.  Cur¬ 
rent  techni<|ues  for  providing  ejection  impulses  are  as 
follows: 

(a)  Drogue  gun  and  pilot  chute; 

(b)  Cartridge-actuated  ejection  piston;  01 

(c)  Parachute  mortar. 

A  deployment  system  for  first-or  second-stage  appli¬ 
cation  is  schematically  shown  in  Eig.  5-20.  A  projectile 
removes  the  compartment  cover  by  its  initial  rearward 
movement  in  the  gun  barrel.  Continued  rearward  move¬ 


ment  by  the  projectile  and  cover  pulls  the  pilot-chute 
bag  away  from  the  adverse  pressure  region  immediately 
behind  the  parachute  compartment  and  into  the  air- 
stream  aft  of  the  vehicle.  When  the  rearward  travel 
stops,  the  inertia  of  the  rover  assembly  removes  the 
bag  from  the  pilot  chute,  allowing  the  parachute  to 
inflate.  At  the  same  time,  an  acceleration  lock  attached 
to  the  pilot-chute  riser  is  released  from  the  harness 
assembly  holding  the  second-stage  pnrachute  in  the 
compartment.  The  pilot-chute  riser,  notv  attached  to  the 
parachute  pack  through  a  bridle  of  heavy  webbing, 
pulls  the  second-stage  parachute  pack  from  the  com¬ 
partment.  To  assure  an  orderly  lines-first  deployment, 
the  vent  of  the  second-stage  parachute  is  secured  to 
the  inside  of  the  parachute  pack  by  a  break  line  at¬ 
tached  to  the  vent  lines  of  the  parachute  and  to  the 
pack-bridle  confluence  point.  Minimum  velocities  re¬ 
quired  for  pack  ejection  to  insure  deployment  of  the 
first-stage  decelerator  through  the  adverse  wake  of  a 
vehicle  are  presented  in  Fig.  5-21  through  5-24  as 
functions  of  vehicle  deceleration,  base  diameter,  Mach 
number  and  pack  weight,  respectively  (Ref  (5-11)). 

Emergency -escape  systems  which  must  operate 
through  a  large  range  of  velocities  and  altitudes  may 
employ  dual  pilot-chutes  to  insure  reliable  deployment. 
The  size  of  the  two  chutes  would  be  such  as  to  deve¬ 
lop  approximately  the  same  force  when  deployed  in 
the  individual  speed-regimes  in  which  they  are  to 
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Fig.  5-2/  Minimum  Required  F.jeclion  Velocity  vs 
Parent  Vehicle  Deceleration 

operate.  At  high-speed  deployments,  the  large,  low- 
apeed  chute  will  ahred,  enabling  the  amaller  chute  to 
execute  the  deployment. 

4.4  Release  aid  Central  Sub-Systems 

4.4.1  COMPARTMENT-DOOR  RELEASE.  The  re- 


PARENT  VEHICLE  BASE  DIAMETER  -  PT.  °v 

Pig.  5-22  Minimum  Required  F.jeclion  Velocity  vs 
Vehicle  Rase  Diameter 


Fig.  5-23  Minimum  Required  Pack  Ejection  Velocity 
vs  Vehicle  Mach  Number 

liable  opening  of  a  decelerator  compartment-door,  or 
release  of  the  whole  door,  at  high  speeds  is  essential 
in  a  successful  aerospace-vehicle  recovery  operation. 
The  problem  is  usually  not  as  simple  as  it  appears.  The 
unlatching  mechanism  must  function  under  various 
environmental  extremes,  such  as  low  temperature 
(-65  P),  high  altitude,  high  acceleration  (positive  and 
negative),  and  extreme  vibrations.  The  mechanism  must 
not  have  an  adverse  effect  on  the  performance  of  the 
missile.  Two  of  the  most  common  devices  utilised  as 
mechanisms  are  explosive  bolts  and  Primacord.  These 
and  other  devicesare  discussed  in  detail  in  Chapter  9. 

4.4.2  CONTROLS.  The  functioning  of  the  recovery 
system  must  be  controlled  by  time,  altitude,  or  pres¬ 
ets- e,  or  a  combination  of  these,  arranged  in  order  to 
deploy  the  different  aerodynamic  decelerators  as  de¬ 
sired.  These  devices  may  perform  their  function  either 
by  direct  mechanical  linkage  or  through  electrical 
circuits.  Where  electrical  circuits  are  utilised,  two 
independent  parallel  circuits,  complete  with  timers 
or  other  controls  and  batteries,  must  be  provided.  They 
must  be  so  arranged  that  the  failure  of  one  circuit  will 
not  prevent  the  proper  functioning  of  the  recovery  sys¬ 
tem  as  a  whole. 

4.4.3  SEQUENCING.  Sequencing  is  usually 
accomplished  by  menus  of  timers  started  with  or  prior 
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to  the  initiation  of  recovery.  Mechanical,  electrical, 
or  pyrotechaical  (powder-train)  timer*  may  be  uaed  if 
they  are  adaptable  to  the  ayatem,  and  provided  that 
they  meet  the  environmental  requirement*  of  the  re¬ 
coverable  body. 

Altitude  or  ram-preaaure  switches,  or  both,  may 
be  uaed  for  sequencing  the  operation  of  the  recovery 
ayatem,  provided  that  a  safety  timer  system  is  also 
incorporated.  A  suitable  altitude  control  must  be 
plsced  in  series  with  the  release  system  on  the  final- 
recovery  stage  so  that  this  stage  will  not  be  actuated 
higher  than  15,000  ft  above  mean  sea  level. 

4.4.4  CANOPY  DISCONNECT.  All  canopy  dis¬ 
connects  must  be  mechanical,  and  they  must  be  actua¬ 
ted  either  by  apringa  or  by  pyrotechnic  devices.  A 
suitable  device  must  be  incoprorated  for  releasing  the 
final-stage  canopy  from  the  recoverable  body  after 
ground  or  water  impact  to  prevent  the  final-stage 
canopy  from  dragging  the  missile  as  a  result  of  sur¬ 
face  winds. 

4.4.5  PYROTECHNIC  DEVICES.  The  use  of  pyro¬ 
technics  for  powering  releases,  explosive  holts,  and 
other  devices  is  acceptable,  provided  that  two  inde¬ 
pendent  powder  charges  are  used,  either  one  of  which 
will  accomplish  the  action.  In  such  devices,  individual 
powder  charges  are  ignited  either  by  an  electrical 
igniter  or  by  a  percussion  cap.  (See, Chap.  9,  2.4.2.) 

4.5  Landing-Impact  Shack-Absorption.  In  order 

to  permit  a  higher  rate  of  descent  with  the  final-stage 
parachute,  thus  reducing  to  a  great  extent  the  weight 


and  volume  of  the  entire  system,  the  use  of  devices 
to  absorb  lunding  shock  must  be  considered.  Devices 
currently  used  to  provide  impact  shock-absorption 
are  penetration  spikes,  air  bags,  or  crushable  portions 
of  the  recoverable  body  itself,  such  as  paper-honey¬ 
comb  platforms.  Current  design  requirements  and 
applications  of  these  three  shock-sbsorption  devices 
are  presented  in  Chapter  9,  Sec.  4.  Investigations  have 
shown  that  retro-rockets  may  become  effective  ns 
impact-attenuators  when  considered  for  systems  of 
heavy  load  which  require  low-impact  decelerations. 

4.6  Flotation  and  Rotrioval.  To  accomplish 
over-water  recovery,  reliable  flotation  equipment 
is  essential.  Two  methods  have  been  utilized  to  pro¬ 
vide  vehicle  flotation.  Roth  utilize  flotation  balloons, 
the  difference  in  the  two  systems  being  that  in  one  the 
balloon  inflates  during  vehicle  descent  while  in  the 
other  the  balloon  inflates  underwater  (Ref  (5-10), 
(5-12),  (5-13)).  The  latter  method  appears  to  be  a  more 
reliable  method  for  flotation  and  retrieval  for  the  fol¬ 
lowing  reasons: 

(a)  Hie  vehicle  could  still  be  recovered  even  if  it 
imparted  at  a  high  rate  of  descent  due  to  failure  of 
the  final-recovery  aerodynamic  decelerator. 

(b)  The  method  eliminates  the  possibility  of  the 
balloon  entangling  with  the  suspension  system  of  the 
final-recovery  aerodynamic  decelerator. 

Typical  components,  other  than  a  flotation  balloon, 
of  a  flotation  system  are  a  compressed-air  storage 
bottle  (if  forced  inflation  is  used),  radio  transmitter 
and  light  beacon,  marker  dye,  and  shark-repellent.  A 
typical  over-water  recovery  sequence  is  as  follows: 
The  operational  sequence  is  initiated  on  impact  by 
water-activated  batteries,  which  produce  sufficient 
energy  to  open  the  air  valve  between  the  balloon  and 
a  compressed-air  bottle,  allowing  the  high-pressure 
air  to  pass  through  a  short  rubber  hose  to  the  balloon. 
The  balloon  inflates  to  full  size  while  held  snugly  to 
the  aide  of  the  vehicle  by  tethering  lines.  This  keeps 
the  vehicle  very  close  to  the  surface  of  the  water. 

A  radio  transmitter  is  put  into  operation  upon  water 
entry,  using  the  internal  power  supply  of  the  trans¬ 
mitter.  The  transmitter  is  secured  to  the  top  of  the 
balloon,  in  order  to  place  the  antenna  and  the  light  at 
maximum  heights  above  the  water.  The  shark  repellent 
and  marker  dye  are  dispersed  in  the  water  to  complete 
the  sequence. 


SEC  5  AIRCRAFT  DECELERATION 
5.1  Gtnaral 

5.1.1  BRIEF  HISTORY.  The  use  of  a  parachute 
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TABLE  5-3  Al  IK.'HAFT-DECKI  .ERA  ’ll  ON  PARACHUTES 


Type 

Aircraft 

— 

Diameter,  ft 

Type* 

No.  of 
Gores 

Deployment 

Velocity, 

knots 

MR-l 

B-47 

Approuch 

16 

RS 

20 

195 

MR-2 

F-94 

16 

IIS 

20 

170 

MB-4 

F-86 

16 

RS 

20 

190 

MH-S 

16 

RS 

20 

190 

MB-6 

F-101 

15.5 

RS 

20 

200 

MR-7 

F’- 104 

16 

RS 

20 

MB-8 

20 

RS 

24 

200 

MR-10 

14.5 

IIS 

20 

220 

MB- 13 

F-84 

16 

RS 

20 

MR- 15 

B-66 

28 

RS 

28 

0-1 

B-47 

32 

FCR 

36 

D-2 

R-52 

44 

FCR 

48 

11-58 

24 

RS 

28 

190 

A-28A-1 

F-106 

14.5 

RS 

20 

220 

*HS  Ring-Slot 

FCR  m  Flat  circular  ribbon 

as  an  auxiliary  brake  has  proved  to  be  very  efficient 
for  decelerating  an  aircraft  during  landing  approach, 
touch-down,  and  ground  roll.  The  first  known  test 
using  u  parachute  as  a  landing  brake  was  made  as  early 
as  1923  at  McCook  Field.  now  called  Wright-Patterson 
Air  Force  Rase,  at  Dayton,  Ohio.  A  conventional  man- 
carrying  parachute  was  used  to  reduce  the  landing- 
roll  distance  of  a  de  Hnviliand  biplane.  Around  1933 
systematic  investigations  were  conducted  in  Germany 
for  the  purpose  of  improving  existing  parachutes  or 
developing  new  types  of  parachutes  of  improved  char¬ 
acteristics  specifically  intended  as  an  aircraft-de¬ 
celeration  device.  As  a  result  of  these  investigations 
the  ribbon  parachute  was  developed  and  successfully 
tested  on  a  Junkers  W-34  airplane  as  a  landing  brake. 
The  tests  proved  that  this  parachute  is  adequately 
stable,  opens  reliably  and  uniformly,  produces  a 
minimum  opening-shock,  does  not  interfere  with  the 
controllability  of  the  airplane,  and  provides  supple¬ 
mental  deceleration  for  aircraft. 

5.1.2  JET  APPLICATIONS.  The  most  important 
application  for  deceleration  parachutes  came  with  the 
development  of  high-speed  jet  aircraft.  High  aircraft 
wing-loadings  resulted  in  high  landing-speeds  and 


long  landing-rolls,  and  a  means  had  to  be  developed 
to  reduce  the  landing-roll  distance.  The  answer  to  this 
problem  was  the  aircraft  deceleration  parachute.  Many 
improvements  have  been  made  over  original  designs 
and  various  types  of  aircraft  have  been  equipped  with 
parachutes.  The  B-47  jet  bomber  is  a  good  example 
of  the  efficient  and  useful  operation  of  the  parachute 
as  an  auxiliary  device  for  decreasing  landing-roll.  The 
landing-roll  of  the  B-47  is  decreased  35  to  45  per  cent. 
There  are  two  types  of  aircraft-deceleration  para¬ 
chutes:  one  is  used  for  aircraft  landing-deceleration 
(drag  parachute)  and  is  a  specially  designed  drag- 
producing  device  that  is  used  to  reduce  the  landing 
roll  of  aircraft,  especially  jet  aircraft.  The  .  aircraft 
inflight  control-parachute  (approach  parachute)  ia  just 
what  the  name  implies.  It  is  a  parachute  that  is  de¬ 
ployed  prior  to  landing  to  produce  added  drag,  which 
in  turn  allows  a  steeper  approach  angle,  which  permits 
clearing  higher  obstacles,  and  more  engine  power  to 
be  maintained,  which  improves  control  of  the  aircraft. 
The  advantage  is  that  safer  and  more  accurate  land¬ 
ings  ran  be  executed.  Currently,  only  the  B-47  air¬ 
craft  employs  an  approach  parachute.  General  re¬ 
quirements  for  aircraft  deceleration  parachute  systems 
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we  dem-ribed  in  the  specification  Mil .-D-WSft.  Table 
5-3  lists  current  aircraft  with  their  reaper-live  uircruft- 
deceleration  and  approuch  parachute  ayatema. 

5.2  Aircraft  Landing-DtcuUration  Porachut* 
(Drag  Parachute) 

5.2.1  GENERAL.  Drag  parachutea  of  the  ribbon 
and  ring-slot  types  we  today  being  used  for  aircraft 
landing-deceleration.  They  have  proved  aucceaaful 
for  a  number  of  conditions  under  which  the  aircraft 
brakes,  although  functioning  properly,  would  normally 
be  inadequate.  The  drag  pwnchute  hax  proven  to  be  a 
big  asset  bccuusc  it  produces  the  highest  deceleration 
force  at  the  touchdown  speed  of  the  aircraft,  where 
the  brakes  we  relatively  inefficient.  During  landings 
on  icy  or  wet  runways,  a  Iwge  percentage  of  the 
broking  is  accomplished  by  the  deceleration  parachute. 

There  we  other  advantages  besides  a  reduction  in 
landing  roll  obtainable  with  the  utilization  of  a  drag 
parachute.  For  example,  the  F-101  has  pitch-up  and 
spin  characteristics  in  landing  that  have  been  over¬ 
come  by  deploying  the  deceleration  parachute  to 
maintain  control.  Another  major  advantage  is  the  in¬ 
creased  flight  safety  under  emergency  conditions  such 
as  landings  with  inoperative  brakes,  or  aborted  take¬ 
offs,  certain  emergency  landings,  and  landings  over 
obstacles  or  on  short  runways.  Under  some  emergency 
conditions,  it  is  even  conceivable  that  the  parachute 
could  be  used  for  rapid  descent.  Moreover,  a  monetary 
savings  in  tires  and  brakes  is  quite  apparent.  Using 
the  parachute  and  the  normal  applications  of  brakes, 
the  number  of  uses  per  tire  can  be  increased  five  or 
nix  times  over  that  obtainable  when  landing  repeated¬ 
ly  without  a  parachute.  No  exact  figures  relating  to 
the  actual  savings  on  brakes  are  available;  however, 
it  is  known  that  brake  maintenance  and  replacement 
are  considerably  reduced  when  a  deceleration  para¬ 
chute  is  used. 

5.2.2  OPERATIONAL  SEQUENCE.  In  opera¬ 
tion,  the  pilot  makes  a  normal  approach  and  landing. 
At  touchdown,  or  very  shortly  thereafter,  the  drag  pan- 
chute  is  deployed  by  movement  of  a  control  handle  in 
the  cockpit.  Mg.  5-25  shows  a  landing  deceleration 
pwachute  in  action.  Rrakes  may  or  may  not  be  used 
to  supplement  deceleration.  In  normal  operation,  the 
aircraft  is  permitted  to  continue  rolling  to  the  runway 
"turnoff”  at  a  speed  sufficient  to  keep  the  canopy 
inflated.  This  speed,  with  a  moderate  into-wind  con¬ 
dition,  is  usually  below  the  maximum  safe  turnoff 
speed  of  the  aircraft.  If  the  canopy  will  not  stay  in¬ 
flated,  the  pilot  may  apply  brakes  and  maintain  infla¬ 
tion  of  the  canopy  by  increasing  the  engine  thrust. 
After  turnoff,  the  pilot  maintains  canopy  inflation 
until  he  reaches  a  designated  parachute  release-point. 


Tl.e  parachute*  in  rcleun>-il  anil  llit-u  ground  personnel 
retrieve  it.  The  puruchute  should  never  be  detached 
from  the  uircruft  while  it  is  on  the  runway  or  on  the 
taxiway,  where  it  might  jeopardize  other  aircraft  dur¬ 
ing  landing.  Drag  parachutes  are  used  for  the  decelera¬ 
tion  of  fighter  and  bomber  aircraft.  The  relationship 
between  landing-roll  distance  and  canopy  diameter 
for  vwious  friction  coefficient  factors  is  shown  for  a 
medium-bomber  aircraft  in  Fig.  5-25. 

5.2.3  OVERALL  DESIGN.  Aircraft  landing-de- 
celerution  parachutes  should  be  designed  to  have  the 
following  characteristics.  These  are  not  necessarily 
listed  in  thr  order  of  importance. 

(1)  High  degree  of  stability; 

(2)  High  degree  of  reliability; 

(3)  Adequate  strength  for  repeated  usage; 

(4)  Low  opening  force; 

(5)  High  drag,  low.weight,  low  bulk; 

(5)  Not  affected  by  environmental  conditions  within 
the  limits  of  use; 

(7)  Ease  of  maintenance;  and 

(R)  Low  cost. 

lo  understand  why  these  characteristics  are  important, 
(1)  thiough  (5)  will  be  analyzed  below.  The  others  are 
self-explanatory. 

(I)  Stability.  One  of  the  most  important  require¬ 
ments  for  i*  landing-deceleration  or  approach  parachute 
is  tbut  it  is  stable.  Ihe  word  “stable”  applied  to  air- 
cruft-de celerution  parachutes  is  intended  to  mean  that 
the  purnchule  should  not  oscillate  through  an  angle 
greater  —  5  deg.  Pilots  consider  a  parachute  stable 
when  it  in  no  way  effects  controllability  of  the  air¬ 
craft  and  does  not  require  a  trim  change. 

''lability  ol  ribbon  und  ring-slot  canopies  depends 
lo  a  large  extent  on  the  canopy’s  total  porosity.  The 
total  porosity  required  for  a  stable  deceleration  para¬ 
chute  varies  with  canopy  diameter  and  there  is  an 
upper  limit  on  porosity  which,  if  exceeded,  can  cause 
inflation  difficulties.  Tests  have  proven,  however, 
that  parachutes  can  be  designed  to  be  in  the  safe 
range  of  porosity  (from  the  standpoint  of  reliable 
inflation)  and  also  be  adequately  stable. 

(2)  Reliability.  Parachutes  to  be  useful  as  in¬ 
flight  and  landing  aids  must  be  reliable.  A  high  de¬ 
gree  of  reliability  can  best  be  obtained  by  designing  a 
system  of  proven  components,  using  a  properly  de¬ 
signed  pilot  chute  that  adequately  regulates  the  de¬ 
ployment  of  the  deceleration  parachute  from  a  properly 
designed  deployment  bag.  This  will  result  in  a  uni¬ 
form,  trouble-free  deployment  and  opening  of  the  para¬ 
chute.  The  deployment  bag  which  contains  the  pilot 
chute  and  the  deceleration  parachute  with  riser  is 
made  to  conform  to  the  shape  of  the  compartment  in 
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Fig.  S-2S  Landing  Deceleration  Parachute 


the  aircraft.  The  function  of  the  bag  ia  to  cauae  order¬ 
ly  deployment  of  the  parachute,  combined  with  a  low 
opening-shock,  and  to  protect  the  deceleration  system 
during  handling  on  the  ground  and  extraction.  A  pilot 
chute  deploys  the  deceleration  parachute.  The  char¬ 
acteristics  of  the  pitot  chute  are  such  that  it  inflates 
quickly  when  the  compartment  doors  open,  resulting 
in  an  immediate  deployment  of  the  deceleration  para¬ 
chute.  The  usual  sequence  of  deployment  of  the  para¬ 


chute  system  from  the  deployment  bog  is  riitsir  first, 
then  suspension  lines,  and  then  canopy,  Jnh  toro* 
ponent  stored  in  a  neparate  section  of  the  b( !•  *^e 
deployed  position,  the  components  of  the  dtprig  Pa,,_ 
chute  appear  as  shown  in  Fig.  5-27.  If  thdif  isrcradt- 
decelerator  compartment  ia  located  in  the  bc,»*l*f*»  P or" 
tion  of  the  fuselage,  and  consequently  neat  w 
ground  level,  it  may  be  more  feasible  to  rev«*»e  tliis 
sequence  of  deployment.  However,  the  meidbd  ituay 
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/■'tg.  5-27  'Schematic  Arrangement  of  Aircraft  Decelerator Parachute 


result  in  u  slight  in  ere  use  of  the  opening-force.  \ny 
ground  contact  of  the  parachute  system  during  the 
deployment  sequence  may  result  in  damage  and  must 

he  avoided. 

During  parachute  deployment  and  operation,  the  air¬ 
craft  must  remain  under  full  control  of  the  pilot  at  all 
times.  The  parachute  must  not  interfere  with  the  nor¬ 
mal  landing  attitude  of  the  aircraft.  It  must  not  effect 
the  longitudinal  control  of  the  aircraft.  Provision  must 
be  made  for  immediate  release  of  the  parachute,  in 
case  of  emergency.  There  mual  be  no  possibility  of 
contact  between  the  deploying  or  inflated  parachute 
and  the  control  surfaces  or  any  other  part  of  the  air¬ 
craft. 

To  insure  that  landing-deceleration  parachute 


systems  perform  adequately  and  reliably,  a  limited 
teal-program  is  conducted  on  each  new  system.  There 
are  certain  test  vehicles  and  methods  that  are  utilized 
for  testing  such  a  system.  Since  it  is  standard  prac¬ 
tice  to  equip  most  military  jet  aircraft  with  decelera¬ 
tion  parachutes,  the  parachute  system  and  parachute 
should  be  tested  with  the  designated  aircraft  under 
actual  operating  conditions.  Only  in  this  manner  can 
the  performance  capabilities  and  reliability  of  the 
system  and  parachute  be  determined  accurately.  The 
reason  is  that  the  wake  behind  the  different  aircraft 
varies  with  each  aircraft. 

(3)  Strength.  The  design  strength  of  deceleration 
parachutes  is  based  upon  the  anticipated  opening 
shock  at  the  highest  speed  at  which  the  parachute  is 


Fig.  5-28  Force  vs  Time  of  a  32-ft  Ribbon  l, anding-  Deceleration  Parachute 
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Fie,.  5-29  Force  i.v  Time  of  a  lO-ft  Ring-Slot  Landing  Deceleration  Parachute 


designed  to  be  deployed.  For  the  landing-deceleration 
parachute,  this  speed  is  the  maximum  speed  of  the 
aircraft  with  maximum  gross  take-off  weight  under 
these  conditions,  which  will  not  permit  take-off.  A 
minimum  design  factor  of  2.3  is  employed  in  the  selec¬ 
tion  of  the  canopy  and  suspension-line  material.  This 
design  factor  includes  the  standard  safety  factor  of 
1.5  and  additional  compensation  for  losses  in  strength 
due  to  sewing,  etc.  For  further  details,  see  Chapter  7. 

To  prevent  undue  stresses  on  the  aircraft  structure, 
parachutes  with  low  opening-shock  are  required.  The 
parachutes  that  are  presently  being  used  for  decelera¬ 
tion  meet  this  requirement.  The  opening-shock  is  de¬ 
termined  from  the  equation  Fa  »  (<7/)^)  (V  (q)  (X) 
where  C[)o  is  the  drag  coefficient  based  on  surface 
area  of  the  canopy;  Sg  is  the  surface  of  the  canopy;  1 
is  the  dynamic  pressure;  and  .V  is  the  opening-shock 
factor  for  the  particular  canopy. 

(4)  Opening-Force.  The  low  opening-shock  of 
the  ribbon  and  ring-slot  drag  parachutes  can  be  attri¬ 
buted  to  the  relatively  long  inflation-time  of  the  cano¬ 
pies  compared  to  other  types.  The  time  of  inflation, 
in  turn,  is  basically  a  function  of  the  total  porosity 
of  the  parachute.  Fig.  5-28  and  5-29  show  representa¬ 
tive  curves  of  force  versus  time  of  15  ft.  diameter 
ring  slot  and  32  ft.  diameter  ribbon  landing  decelera¬ 
tion  parachutes. 

(5)  Drag,  Weight,  and  Hulk.  There  is  a  continual 
striving  for  landing- deceleration  parachutes  that 


produce  higher  drag  and  at  the  same  time  have  less 
weight  and  bulk,  without  sacrificing  other  performance 
characteris'ics.  The  landing-deceleration  parachutes 
thut  are  presently  in  use  have  been  selected  as  the 
optimum  in  design  efficiency  from  a  ratio  of  drag  to 
weight  and  bulk.  Future  improvements  in  materials 
and  construction  will  undoubtedly  improve  efficiency. 

5.2.4  DF.SIGN  CONSIDKRATIONS. 

5.2.4. 1  Drag  Requirement.  The  drag  requirement 
is  generally  determined  by  the  aircraft  manufacturer. 
The  parachute  system  must  be  considered  as  supple¬ 
mentary  to  the  available  deceleration  components  with 
which  the  aircraft  is  equipped,  such  as  flaps  and 
brakes. 

5.2.4. 2  Canopy  Selection.  Ring-slot  and  ribbon 
canopies  have  been  found  most  suitable  for  drag-para¬ 
chute  application.  The  ring-slot  canopy  is  preferred 
for  deceleration  because  of  its  lower  cost  and  ease  of 
production  and  maintenance. 

5.2. 4.3  Site  of  Canopy.  The  size  of  the  canopy 
will  be  determined  by  the  drag  requirement.  Wake  ef¬ 
fects  behind  the  aircraft  tend-  to  decrease  the  drag 
coefficient,  Cf)g,  which  may  make  it  necessary  to  use 
a  larger  canopy  than  would  otherwise  be  required. 
Longer  risers  tend  to  reduce  wake  losses,  but  they 
increase  the  bulk  and  weight  of  the  system  and  may 
contribute  to  the  dragging  of  the  canopy  on  the  run¬ 
way  during  deployment.  The  drag  coefficient  Cfio  with 
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regard  to  constructed  cunopv  area  for  the  flat  circular 
ribbon  and  ring-alot  canopies  ranges  from 0.45  to  0.6, 
depending  upon  the  air  flow  behind  the  aircraft.  I'or 
deaign  purposes,  a  drag  coefficient  (■/)  of  0.55  for 
ring-slot  canopies  and  0.5  for  flnt  circular  ribbon  cano¬ 
pies  is  generally  used. 

5. 2. 4. 4  Riser  and  Suspension-Line  Length.  I.ong 
risers  tend  to  reduce  aircraft-wake  effects  upon  the 
parachute  canopy.  Practical  experience,  however,  has 
indicated  that  the  riser  length  should  be  kept  to  from 
1.0  to  1.5  times  the  constructed  (flat)  diameter (/)c)  of 
the  canopy.  I.ength  of  suspension  lines  should  he  1.0 
times  the  conatrurted(flnt)diameter  (/)f)ofthe  canopy. 
The  most  important  consideration  in  detetmining  riser 
length  ia  thut  the  location  of  the  force-line  relative  to 
the  aircraft  should  coincide  with  the  line  projected  from 
the  center  of  gravity  of  the  aircraft  through  the  para¬ 
chute  attachment-point.  When  this  is  not  the  case,  the 
drag  force  tends  to  raise  or  lower  the  nose  of  the  air¬ 
craft,  depending  on  whether  the  canopy  force-line, 
when  extended,  goes  above  or  below  the  aircraft  cen¬ 
ter  of  gravity.  Such  a  condition  can  have  serious  con¬ 
sequences  if  the  parachute  is  deployed  while  the  air¬ 
plane  still  has  flying  speed  high  enough  to  climb. 
F'.ven  at  lower  speeds  it  can  cause  damage  to  the 
nose  gear,  by  exerting  excessive  pressure. 

5. 2.4.5  Parachute-Compartment  Location.  The 
best  location  for  the  parachute  compartment  is  at  the 
very  end  and  top  of  the  fuselage,  oft  of  the  empennage. 
Such  a  location  ia  not  always  possible,  because  of 
space  limitations,  heat  problems,  or  interference  with 
installed  equipment.  The  required  location  of  the  para¬ 
chute  attachment-point  may  also  have  some  bearing  on 
compartment  location.  In  some  instances,  it  is  not 
possible  to  have  the  parachute  attachment-point  within 
the  compartment  because  the  canopy  force-line  must 
pass  through  the  center  of  gravity  of  the  airplane. 
Parachute-compartment  locations  at  the  bottom  of  the 
fuselage  are  particularly  undesirable  because  the  de¬ 
ployment  bag  or  canopy  might  drag  on  the  runway  sur¬ 
face  during  deployment.  Parachute-compartment  in¬ 
teriors  must  be  smooth,  with  no  protrusions  or  sharp 
edges  that  mi  ght  catch  or  damage  any  portion  of  the 
parachute.  The  compartment  should  not  be  located  in 
any  section  where  such  corrosive  materials  as  acid 
or  battery-acid  fumes  can  penetrate.  The  temperature 
in  the  compartment  should  at  no  time  exceed  250  F  for 
Nylon  parachutes  and  325  F  for  Dacron  parachutes. 
Compartment  temperature  should  not  exceed  600  F  for 
parachutes  manufactured  from  HT-1  material. 

5,2.4.7  Reefing.  Temporary  reefing  is  not  re¬ 
commended  for  aircraft  deceleration  parachutes  be¬ 
cause  the  increased  complexity  can  reduce  parachute- 
system  reliability. 


5.2.4.R  Clusters.  'llie  use  of  canopies  in  clus¬ 
ters  is  recommended  if,  when  a  single  canopy  would 
be  used,  it  would  be  larger  than  44  ft  in  diameter. 
I.arger-diameter  canopies  are  likely  to  be  heavy  and 
bulky,  and  present  difficult  problems  in  maintenance, 
packing,  and  installation,  along  with  the  need  for  ex¬ 
panded  field  facilities. 

5.2.5  CALCULATION  OF  AIRCRAFT  LANDING- 
ROLL.  The  problem  of  calculating  landing  roll  is 
essentially  a  problem  of  velocity,  acceleration,  and 
time  Therefore,  starting  with  the  basic  equations: 


dS  -  c  dt  —  dv 
a 


Integration  gives 


0  0 


where  St  -  Landing-roll  distance;  and 


a 


d  (v)2 


vr  ”  Velocity  of  aircraft  at  instant  of  ground 
contact. 

Lq.  (5-0  can  be  rewritten  as  follows: 


(5-2) 


if 


y  d  (t>r 


where  #'  Total  aircraft  weight;  and 
F  «=  Total  retarding  force. 

To  continue,  an  assumption  as  to  how  the  retarding 
force  (F)  varies  during  landing  roll  must  be  made.  As¬ 
suming  that  l/F  varies  linearly  with  v2,  Kq  5-2  can 
now  be  integrated  as  follows: 


(5-3) 


SL 


V  t’ 


F' 


In  — 


2MF'-0  V 


where  F c' »  Retarding  force  at  the  instant  aircraft 
contacts  ground;  and 

F 0'  "  Retarding  force  at  the  instant  of  air¬ 
craft  stop. 


F,q  5-3  can  be  used  when  brakes  are  applied  either 
during  the  landing  roll  or  at  the  instant  of  ground-con¬ 
tact.  If  the  brakes  are  applied  at  some  time  during  the 
landing  roll,  a  more  descriptive  equation  is: 


(5-4)  SL 


Wvb2 

2*^2  - 


In 
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4 


F  Wc2  -  O  |„  Hi 

2«<'Wb,>  % 

where  1^  -  Velocity  of  aircraft  at  the  instant  brake** 
are  applied; 

F^  j  ■  Retarding  force  immediately  before 
brakes  are  applied;  and 

Ffo  -  Retarding  force  immediately  after 
brakes  are  applied. 

To  calculate  the  retarding  force,  consider  the  air  and 
ground  forces  and  engine  thrust  acting  on  the  aircraft. 


Sw  -  1428  aq  ft 

T  -  Thrust  developed  by  engines  idling  -  500  lb 
per  engine  (6  engines) 

('l  -  1.5 

Cl>  (aircraft)  -  0  ,26 
(parachute)  -  0.5 

^ o  (parachute)  «  32  ft 
Retarding  force,  Fc,  equal*. 

Fe  m  \  P  Vc2  CD  (a/c)  Sw  ~  Tidle 


(5.5) 


F  -n<Ff-T 


(0.126)  (246) 2 
841 


(1428)  -  500  (6) 


where  T  -  Engine  thrust  (when  applicable); 

F j  m  Aircraft  frictional  force;  and 

f)  «  Drag  produced  by  aircraft  and  parachute 
when  deployed. 


(5-6) 


Ff  -  g  (W  -  L) 


where  |i  =  Coefficient  of  friction;  and 

L  -  Aerodynamic  lift  developed  by  aircraft. 


Kq  56  can  be  written 


(5-7)  FmD  +  tUr-D-T 

or  F-I  pCDSwV2  ^W-^ipC^-T 

(541)  F  -  g  V  +  P  kf  (Cp  -  pC/})  -  r 
2 

where  Sw  ~  Wing  area. 


The  forces  Fc,  Fj^,  Fj^.  “d  F0  c«*t  now  5e  cal¬ 
culated  by  use  of  Eq  5-8  and  substituted  in  Eq  5-4  to 
obtain  a  landing-roll  distance. 


-  12950  -  3000  -  9,150  lb 

Immediately  upon  ground  contact,  a  deceleration 
parachute  is  deployed.  When  aircraft  velocity  haa 
dropped  to  115  knots  the  brakes  are  applied. 

Then, 

y  * 

Ffc,  -  f  F  +  s,v  {CD  (total)  -  C  Cl) 

~  Tidle 

where  Cp  (toUl)  -  Cp  (aircr«ft)  + 

c  i 

(parachute)  Sw 
804 

-  0.126  +0.5  - 

1428 

-  0.126  +0.282-0.408 

Fb  -  0.02(100,000)  +  LI21*  1428  [  0.408  - 

1  841 

(0.02)  (1.5)  1  -  500  (6> 


Sample  Calculation 
Assume; 

W  -  100,000  lb 

p  -  0.02  without  brakes 
-  0.3  with  brakes 
V e  =  145  knots 
Vb  «  115  knots 


-  2,000  +  24,350  -  3000  -  23,350 

Now 

2 

Fl  -  0.3  (100,000)  +  1125L  (1428)  [  (.408  - 
®2  841 
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(.3)  (1.5)1-  500  (6) 
30,000-2710-3000  =  24,290 


The  retarding  force  at  the  inatant  the  aircraft  ha* 
stopped  ia 

Fo  ~  Ti(n. 

-0.3  (100,000)  -  500(6)  -  27,000  lb 

Solving  for  landing-roll  distance  by  use  of  Kq  5-4 
givea 

o  (100,000)  (195)2  24.291 

1  "  2  (32.2)  (24,291  -  27,000)  ln  27,000  * 

(100,000)  [  (246)2  -  (195)2]  9,950 

2  (32.2)  (9,950  -  23,350)  ln  23,350 

-  21,750  In  0.9  -  2,495  In  0.426 

-  21,750  (0.1052)  -  2,495  (-0.852) 

-  2,290  +  2,120  =  4,410  ft 

S.3  Aircraft  inflight  Control  P orach oto  (Land¬ 
ing-Approach  Parachuto) 

5.3.1  GENERAL.  Thin  parachute  ia  utilized 
for  better  control  of  the  inflight  characteriatica  of 
certain  type*  of  jet  aircraft,  particularly  during  land¬ 
ing  approach.  High  rates  and  steep  angles  of  descent 
may  be  desirable  for  jet  aircraft,  as  jet  aircraft  should 
operate  at  high  altitudes,  where  their  flight  is  much 
more  economical  than  at  low  altitudes.  Is  order  not 
to  exceed  speed  limitations,  jet  aircraft  must  begin 
descents  from  high  cruising  altitudes  when  still  a 


considerable  distance  away  from  the  airbase.  The  same 
jet  aircraft  can  start  ita  descent  relatively  close  to 
the  airbaae  when  using  a  landing-approach  parachute, 
(lae  of  n  landing-approach  parachute  facilitates  in¬ 
strument-controlled  letdowns,  particularly  GCA,  as 
the  additional  drag  permits  a  rapid  deceleration, 
ateepena  the  glide  path,  and  alao  prevents  overcon¬ 
trol.  The  higher  throttle-aetting,  which  may  be  uaed 
during  approach  because  of  the  added  drag,  also  per¬ 
mits  a  more  rapid  response  of  the  aircraft  in  the  event 
of  emergency,  or  “go-around”.  The  B-47  ia  one  air¬ 
craft  for  which  a  landing-approach  parachute  system 
waa  adopted.  The  approach  parachute  on  the  B-47  air¬ 
craft  is  shown  in  operation  in  Fig.  5-30. 

5.3.2  OVERALL  DESIGN.  The  design  of  any 
inflight-control  or  landing-approach  parachute  system 
must  meet  the  requirements  in  5.2.4  for  drag  para¬ 
chutes. 

5.3.3  DESIGN  CONSIDERATIONS.  At  the  pre¬ 
sent  time,  landing-approach  parachutes  are  standard 
on  the  B-47  aircraft.  Some  of  the  considerations  given 
hereafter  are  applicable  particularly  to  that  type  of 
aircraft.  Designs  for  other  type  of  aircraft  may  require 
further  consideration. 

5.3.3. 1  Drag  Requirement.  The  drag  requirement 
for  the  landing-approach  parachute  system  will  have 
to  be  established  by  the  prime  contractor  of  the  whole 
system.  For  the  B-47  aircraft,  the  drag  of  the  approach 
parachute  is  of  such  a  value  that  the  aircraft,  in 
landing  configuration,  is  able  to  achieve  a  rate  of 
climb,  in  case  it  is  needed,  for  a  “go-around",  of  at 
least  500  fpm  at  the  optimum  desipied  landing  gross- 


ft*  5-30  Approach  Parachute  on  R-47  Aircraft 
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AIRSPF.KD  (KNOTS) 

Fig.  5 -31  Typical  Climb-Performance  Curves  for  a  Medium  Bomber  Using  Landing-Approach  Parachutes  with 
Different  Drag  Areas 


weight  at  aea  level.  Fig.  5-31  showa  typical  climb- 
performance  curves  for  a  medium-bomber  aircraft  uaing 
landing-approach  parachutea  with  different  drag  areaa. 

5.3.3. 2  Canopy  Selection.  The  ring-slot  canopy 
ahonld  receive  primary  consideration  in  any  aircraft 
landing-approach  parachute  ayatem.  Testa  have  in¬ 
dicated  that  it  aatisfiea  desired  stability  requirements. 
Its  coat  and  ease  of  production  and  repair  give  it  a 
decided  advantage  over  the  ribbon  canopy.  The  ribbon 
canopy  should  be  considered  for  applications  in  which 
the  deployment  speed  requirement  is  higher  than  the 
design  limits  of  the  ring-slot  canopy.  Many  other  types 
of  canopies  are  ruled  out  because  of  their  characteris¬ 
tics  of  stability,  cost,  bulk,  or  strength-fact' r. 


5. 3. 3. 3  Site  of  Canopy.  The  size  of  the  canopy 
is  determined  by  the  drag  requirement.  The  drag  coef¬ 
ficient,  C[)0<  for  the  ribbon  and  ring-slot  csnopies 
ranges  from  0.4  to  0.6,  depending  upon  the  air-flow 
behind  the  aircraft.  For  design  puip  sea,  a  drag  coef¬ 
ficient  Cp0  of  0.55  for  ring-slot  canopies  and  0.5  for 
ribbon  canopies  is  generally  uaed.  A  typical  force-time 
diagram  obtained  during  the  deployment  and  steady 
drag  of  a  12-ft-diameter  ring-slot  parachute  behind  a 
medium- bomber  aircraft  is  shown  in  Fig.  5-32. 

5.3.3.4  Riser  and  Suspension-Line  Length.  If 
both  inflight  control  (landing-approach)  and  landing- 
deceleration  (drag)  parachutes  are  used,  the  position 
of  the  skirt  of  the  landing-deceleration  parachute  is 
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die  determining  factor  for  the  riaer  length  of  the  land* 
ing  approach  parachute,  an  the  skirt  of  each  canopy 
muat  be  equidiatant  from  the  aircraft.  If  a  landing-ap¬ 
proach  parachute  only  is  used,  the  length  of  the  riaer 
ahould  in  general  be  1.0  to  l.S  times  the  constructed 
(flat)  diameter  (f>e)  of  the  canopy.  Suspension-line 
length  ahould  be  equal  to  the  constructed  (flat)  dia¬ 
meter  (Dc)  of  the  canopy. 

5.3.3. 5  Location  of  Parachute  Compartment.  The 
compartment  for  the  landing-approach  parachute  may 
be  located  on  the  top,  side,  or  bottom  of  the  aft  end 
of  the  aircraft.  The  location  of  the  parachute  attach¬ 
ment-point  ia  an  important  factor  in  determining  the 
compartment  location  (Fig.  5-33).  Teats  conducted 
with  the  B-47  aircraft  have  indicated  that  a  location 
of  the  attachment  point  aa  much  as  2  ft  to  either  side 
of  the  aircraft  centerline  did  not  appreciably  affect 
the  longitudinal  control.  On  aircraft  with  a  relatively 
short  fuselage  section,  aide  attachment  requires  fur¬ 
ther  investigation.  In  some  coses,  the  attachment 
point  must  be  located  in  an  area  away  from  the  com¬ 


partment.  There  is  little  likelihood  that  the  canopy  will 
be  burned  by  the  jet  exhaust,  although  riser  and  sus¬ 
pension  lines  may  be  exposed  to  excessive  tempera¬ 
tures  that  may  damage  and  eventually  cause  failure  of 
the  parachute.  This  condition  may  be  overcome  by  the 
use  of  steel-cable  risers,  if  the  limited  bending  radios 
of  steel  cable  does  not  create  a  stowage  problem.  For 
protection  of  Nylon  risers,  a  short  distance  of  the  riser 
maybe  covered  with  flexible  Neoprene-treated  materials 
havinghigh  heat-resistance.  All  compartments  should  be 
designed  to  permit  parachute  deployment  rearward 
along  a  line  parallel  to  the  flight  path.  Compartment 
interiors  must  be  smooth,  with  no  protrusions  or  sharp 
edges  which  might  catch  or  damage  any  portion  of  the 
parachute.  The  compartment  should  not  be  located  in 
any  section  where  battery  acid  or  battery-acid  fumes 
can  penetrate.  Bottom  compartments  may  use  an  eleva¬ 
tor  to  lower  the  parachute  directly  into  the  airstream. 
The  temperature  in  the  compartment  ahould  at  no  time 
exceed  250  F  for  Nylon  parachutes  and  325  F  for 
Dacron  parachutes.  Compartment  temperature  for 
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NORMAL  ATTITUOE 


parachute*  manufactured  from  HT-1  materia!  can 
approach  600  F. 

5.3.3.6  Deployment.  In  all  installation#, deploy* 
meat  bags  and  spring-loaded  pilot  chates  should  be 
used  to  facilitate  the  maintenance  and  installation  of 
the  parachutes  in  the  aircraft  and  to  insure  orderly 
deployment.  Riser-first  deployment  should  be  nnad 
whenever  practical. 

5.3.3. 7  Reefing.  Generally,  reefing  is  not  re¬ 
commended  for  aircraft  inflight-control  parachutes. 
However,  a  permanent  reefing  line  may  be  installed 
to  achieve  pester  stability  or  to  reduce  the  drag  area 
of  as  existing  canopy,  which  when  name  fed  creates 
only  slightly  higher  drag  than  is  desired  for  the  par¬ 
ticular  application.  For  instance,  the  standard  landing- 
approach  parachate  for  the  B-47  aircraft  incorporates 
a  15.5-ft-diameter  ring-slot  canopy  which  ia  slightly 
reefed  by  means  of  a  27.5  ft  reefing  line.  This  reefing 
line  ia  permanently  installed  at  the  skirt  of  the  canopy. 
Thus,  drag  area  ia  decreased  slightly  and  a  higher 
degree  of  stability  is  obtained. 


5.4  Deceleration-Parachute  Control  System. 
The  control  system  for  aircraft-deceleration  para¬ 
chutes  must  be  designed  to  reliably  and  repeatedly 
perform  a  number  of  functions.  Two  of  these  functions 
are  performed  is  sequence  in  one  operation.  When  de¬ 
ployment  of  the  parachute  is  initiated  by  pulling  the 
control  handle  in  the  pilot’s  cockpit:  (1)  the  mechanism 
must  lock  tie  riser  attachment  to  the  attachment  point 
on  the  aircraft;  and  (2)  then,  after  positively  locking  the 
parachute,  it  mast  open  the  compartment  door.  The 
attachment  hook  ahall  remain  open  as  long  as  the  con¬ 
trol  handle  is  in  stowed  position.  This  is  a  safety 
measure  to  allow  the  parachute  to  drop  free  if  the 
compartment  door  in  accidentally  opened  by  means 
other  than  actuation  of  the  control  handle  while  the 
aircraft  is  in  flight.  The  parachate  may  be  jettisoned 
by  nsing  either  a  separate  control  cable,  or  the  name 
control  cable  with  the  handle  moved  into  a  different 
position.  Experience  has  indicated  the  desirability  of 
using  a  two-cable  system  for  bomber  aircraft  and  a 
single-coble  system  for  fighter  aircraft.  A  mechanical 
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•yatem  ia  preferred  becnuae  of  eimplicity  and  poaitive 
operation.  One  di  and  vantage  of  a  mechanical  ayatem 
ia  the  difficulty  of  routing  the  control  cable  in  auch  a 
manner  that  it  doea  not  interfere  with  crew  or  equip* 
ment,  yet  will  operate  with  a  minimum  of  friction  and 
without  reliability  loaa  becauae  of  detrimental  effecta 
of  environment.  In  inatallationa  where  a  mechanical 
syulem  ia  impractical,  a  hydraulic,  electric,  or  pneu¬ 
matic  ayatem  may  be  utilized. 

SEC.  6  SPECIAL  WEAPONS 

6.1  General.  The  baaic  reaeon  for  the  develop¬ 
ment  of  parachute  retardation-eyatema  for  apecial 
weapon*  ia  to  control  the  trajectory  of  the  weapon. 
Becauae  of  the  high  dynamic  preaaurea  frequently 
encountered  during  deployment,  apecial-weapona  para- 
chutea  are  ueually  of  very  heavy-duty  conatruction. 
Paracbutea  for  each  apecial  weapon  uaually  have  to 
be  “tailor-made"  to  apecific  requirements,  which 
generally  precludea  the  uae  of  off-the-ahelf  componenla 
from  other  apecial-weapona  retardation-ayatems.  The 
general  deaign  and  conatruction  technique  can  be 
found  in  MIL-P-25716A,  Parachute  System,  Heavy 
Duty,  General  Specification  for. 

6.2  Design  Objectives.  The  main  design  ob¬ 
jective  ia  to  produce  a  parachute  ayatem  that  will 
meet  the  delivery  requirements,  have  a  high  degree  of 
reliability,  and  atill  be  as  light  as  possible.  Fig.  5-34 
shows  a  typical  parachute  for  apecial-weapona  retar¬ 
dation  in  operation.Naturally.it  must  alaobe  designed 
to  fit  the  storage  volume  in  the  weapon. 

6.3  Design  Considerations 

6.3.1  DELIVERY  REQUIREMENTS.  Of  prime 
importance  to  the  deaign  engineer  are  the  delivery  re¬ 
quirements  which  the  parachute  retardation-ay  a  tem 
must  meet.  These  requirements  include  velocity  and 
altitude  of  delivery,  weight  of  the  weapon,  stability 
required,  and  impact  conditions  (which  include  impact 
angle  and  velocity),  time  of  fall,  range,  delivery  mode, 
etc.  A  stringent  requirement  for  stability  introduces 
unforeseen  problems  for  the  design  engineer.  Para¬ 
chute  retardation-systems  should  not  induce  a  roll  of 
the  weapon  either  during  deployment  or  during  descent. 
Stability  requirements  vary  from  no  restriction  on  os- 
cillation  to  - 10  deg.  Where  precise  stability  ia  not  a 
requirement,  the  lean-stable  parachutes,  auch  as  those 
with  a  aolid  flat  canopy,  may  be  used.  However,  a 
high-porosity  ribbon  or  ring-slot  parachute  or  a  cluster 
of  three  parachutes  may  be  the  only  solution  to  stay 


Fig.  5-34  Special  Weapons  Parachute 


below  the  maximum  oscillation.  Impact  requirements 
are  usually  given  as  some  angle  measured  between 
the  longitudinal  axis  of  the  weapon  and  the  horizontal 
and  some  maximum  vertical  velocity.  In  some  applica¬ 
tions  a  minimum  and  a  maximum  impact-velocity  may 
be  imposed.  Prior  to  actual  drop-testing,  computer 
studies  are  normally  run  to  determine  as  nearly  as 
possible  the  proper  configuration  of  the  parachute 
system  to  meet  all  the  delivery  requirements.  The 
(bop-testing  program  directly  follows  the  computer 
studies  and  is  used  to  determine  the  effect  of  the 
variables  that  are  impossible  to  predict  and  thus  can¬ 
not  be  programmed  in  the  computer  studies.  The  test 
program  also  permits  refinements  in  the  design  of  the 
various  components  (deployment  bags,  bridles,  inn- 


317 


yards,  etc.)  of  the  system,  au  that  the  result  should 
be  the  best  possible  design  when  everything  is  con¬ 
sidered. 

6.3.2  RELIAB1IJTY.  In  order  to  meet  the  re¬ 
liability  requirement,  each  parachute  retardation-sys¬ 
tem  must  be  designed  so  that  it  will  successfully  re¬ 
tard  the  weapon  when  delivered  at  a  dynamic  pressure 
iu  excess  of  that  expected  under  the  normal  drop- 
conditions.  In  the  past,  110  to  125  per  cent  of  the  ex¬ 
pected  maximum  dynamic  pressure  has  been  used  in 
teats.  It  is  believed  that  if  the  parachute  retardation- 
system  functions  properly  during  the  overtest  then  it 
could  be  expected  to  perform  without  fail  during  nor¬ 
mal  conditions.  Penalties  required  in  a  parachute  that 
passes  such  overteats  are  probably  much  less  expen¬ 
sive,  and  require  leas  time,  thon  a  test  program  of 
sufficient  length  to  prove  reliability. 

6.3.3  VOLUME  AND  WEIGHT.  Canopy  weights 
may  be  predicted  to  within  3  per  cent  of  the  actnsl 
weight  by  detailed  calculations.  The  other  components 
of  the  parachute  retardation-system  may  be  accurately 
estimated  from  past  experience  so  that  the  weight  of 
the  total  system  may  be  predicted  with  an  accuracy  of 
approximately  5  per  cent.  From  thia  information,  the 
volume  needed  for  the  retardation  system  in  the  wea¬ 
pon  maybe  determined. 

6.3.4  ENVIRONMENT.  Storage  environment  is 
quite  important  to  the  parachute  retardation-system. 
Nylon  tends  to  adhere  to  itself  if  it  becomes  damp  for 
any  reason;  hence  the  design  engineer  must  insure  that 
adequate  precautions  are  token  to  protect  the  system 
from  rain,  snow,  humidity,  etc.,  while  it  is  in  storage. 

6.3.5  TRAJECTORY  CONTROL.  The  reasons 
for  controlling  the  trajectory  of  the  weapon  are  several: 
to  provide  escape  for  the  delivering  aircraft,  to  allow 
precise  control  to  the  impact  area,  to  retard  the  wea¬ 
pon  sufficiently  so  that  it  may  survive  the  impact,  and 
to  stabilize  the  weapon.  In  doing  any  or  all  of  these 
things  the  retardation  system  must  produce  a  trajectory 
that  may  be  accurately  reproduced. 

6.3.6  TYPES  OF  PARACHUTE  RETARDATION 
SYSTEMS.  Parachute  retardation-systems  are  used 
in  several  configurations:  single-stage,  multi-stage, 
reefed,  or  unreefed.  A  single-stage  parachute  system 
is  one  in  which  only  one  parachute  or  cluster  of  para¬ 
chutes  provides  the  retardation.  A  single-stage  system 
maybe  reefed,  either  permanently  or  for  some  specific 
time,  or  unreefed.  Reefing,  itn  uses  and  its  types, 
is  adequately  discussed  elsewhere  and  hence  will 
not  be  discussed  here.  A  light  single-stage  or  clus¬ 
ter  system  normally  contains  a  pilot  chute  and  one 
or  more  main  parachutes.  A  heavier  single-stage  sys¬ 
tem,  either  n  single  parachute  or  a  cluster  of  para¬ 


chutes,  usually  incorporates  an  extraction  parachute 
in  addition  to  the  pilot  chute  because  the  pitot  chute 
can  not  generate  sufficient  force  to  properly  deploy 
the  main  parachute  or  parachutes.  Extraction  para¬ 
chutes  usually  have  small  ribbon-canopies  measuring 
from  10  to  16  ft  in  diameter.  A  multi-stage  system 
has  components  similar  to  those  in  single-stage  sys¬ 
tems  using  an  extraction  parachute.  Multi-stage  sys¬ 
tems  could  conceivably  be  made  up  of  any  number  of 
stages,  each  stage  acting  independently  in  sequence 
to  stabilize  and  retard  the  weapon.  The  attachment 
of  the  extraction  parachute  in  a  multi-stage  system  is 
to  the  weapon  as  well  as  to  the  second-stage  para¬ 
chute  or  parachutes.  When  the  extraction  parachute, 
or  (more  properly)  the  first-stage  parachute,  is  de¬ 
ployed,  it  does  not  immediately  extract  the  main 
canopy  or  canopies,  but  instead  retards  the  weapon  to 
a  predetermined  velocity  where  the  main  parachute  or 
parachutes  can  be  safely  deployed.  Using  this  se¬ 
quence  of  deploying  the  second-stage  parachute,  the 
main  canopy  or  canopies  may  be  of  light-weight  con¬ 
struction,  whereby  a  considerable  saving  in  weight 
may  be  realized.  A  multi-stage  system  invariably  re¬ 
quires  more  altitude  to  accomplish  the  same  results 
us  a  single-stage  system,  however. 

6.4  Deployment  Methods.  Three  methods  of 
parachute  deployment  a re  common:  static-line,  auto¬ 
matic,  and  forced-ejection. 

6.4.1  STATIC-LINE  DEPLOYMENT.  A  static- 
line,  provided  the  free  end  of  the  line  is  adequately 
connected  to  the  aircraft,  will  always  initiate  deploy¬ 
ment  at  the  same  time  and  place  relative  to  the  de¬ 
livering  aircraft.  When  the  weapon  has  fallen  the  dis¬ 
tance  equal  to  the  length  of  the  static-line,  the  pilot 
chute  is  deployed  by  the  static-line  and  deployment 
of  all  remaining  parachutes  follows  in  the  desired 
order.  The  use  of  a  static-line  is  limited  because  it 
fixes  the  length  of  free-fall  before  any  drag-producing 
surface  begins  opening  and  creates  the  problem  of  a 
loose,  flailing  line  on  the  carrier  aircraft. 

6.4.2  AUTOMATIC  DEPLOYMENT.  Automatic 
deployment  is  required  when  the  weapon  is  carried 
externally  on  the  aircraft  or  when  any  nmount  of  free- 
fall  is  desired  prior  to  deployment  of  the  parachotes. 
The  sequence  of  an  automatic  deployment  is  as  fol¬ 
lows:  (1)  after  release  from  the  aircraft  the  weapon 
falls  free  for  some  specific  length  of  time,  after  which 
the  weapon’s  tail  or  the  pars  chute-compartment  cover 
in  removed,  usually  by  explosives; (2)  the  pilot  chute, 
connected  to  the  tail  cover,  is  deployed  as  the  cover 
moves  away;  (3)  once  the  pilot  chute  reaches  the  air 
stream,  deployment  of  the  remaining  components  is 
identical  to  static-line  deployment. 
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6.4.3  FQRGKR  EJECTION.  Forced  ejection  in 
a  method  of  deploying  a  canopy  where  other  method* 
may  not  work  or  may  be  too  erratic  if  they  do  work. 
Forced  ejection  ia  uaually  uaed  on  amaller  parachutea 
(pilot  chutea  or  amall  ribbon  and  ring-slot  canopiea) 
and  ia  accomplished  by  packing  the  parachute  around 
a  tube  filled  with  a  propellant.  Aa  the  propellant  burns 
the  tube  pulls  or  pushes  the  parachute  out.  (See 
Chap.  9.) 

6.5  Parachut*-Syst«m  Components.  There  are 
two  main  types  of  components  in  any  parachute  re¬ 
tardation-system;  the  canopy  and  the  deployment  bag 
in  which  the  canopy  is  packed.  Other  components  of 
lesser  importance  and  almost  infinite  variety  are 
lanyards  and  bridles. 

6.5.1  CANOPY  TYPES.  There  are  only  four 
different  types  of  canopies  uaed  in  retardation  sys¬ 
tems  for  special  weapons.  They  are  the  solid  flat, 
ribbon,  ring-slot,  snd  guide-surface.  The  first  three 
are  used  primarily  aa  retardation  devices,  while  the 
fourth  ia  uaed  almost  exclusively  aa  a  pilot  chute. 
These  four  types  of  parachutes  arc  adequately  dis¬ 
cussed  elsewhere  in  this  book  remembering  that  their 
construction  is  stronger  than  similar  canopies  em¬ 
ployed  in  air  drop  and  aircraft  deceleration  applica¬ 
tions. 

6.5.2  PEP LOYMENT  BAGS.  Deployment  bags 
are  tailor-made  to  provide  an  enclosure  for  the  canopy 
in  the  proper  shape  so  that  the  parachute  will  fit  in  the 
apace  provided  in  the  weapon.  Liberal  use  ia  made 
of  webbings  having  up  to  10,000-lb  strength  and  pack 
cloth  of  7.25  ox  per  sq  yd.  The  deployment  bag  must 
be  strong  enough  to  withstand  the  shock  of  accelera¬ 
ting  the  packed  parachute. 

In  most  parachute  retardation  systems  for  special 
weapons,  pressure  packing  in  one  form  or  another  is 
used.  Sometimes  this  takes  the  form  of  a  localized 
high-pressure  and  sometimes  this  pressure  is  applied 
by  large  hydraulic  presses  capable  of  80  too  a  total 
force.  Pressure  packing  must  be  used  to  achieve  the 
high  peck-densities  required  so  that  the  retardation 
system  can  be  made  to  fit  in  the  space  provided  in 
the  weapon. 

SEC.  7  PERSONNEL  PARACHUTES 

7.1  Gmttrai.  Personnel  parachutes  may  be 
uaed  for  premeditated  jumps  or  emergency  escape. 
This  section  considers  as  personnel  parachutes  only 
those  which  lower  an  individual  directly.  Parachutes 
for  lowering  a  capsule,  platform,  or  other  devices 
containing  personnel  maybe  designed  and  constructed 
as  discussed  under  Air  Drop,  Aerospace-Vehicle  Re¬ 


covery,  or  Aircraft  Deceleration;  however,  reliability 
requirements  must  meet  those  discussed  here.  General 
design  and  construction  techniques  for  personnel 
canopies  can  be  found  in  MIL-P-6645D (2),  "Para¬ 
chutes,  Personnel,  General  Specification  for." 

7.1.1  REQUIREMENTS 

7. 1.1. 1  Mandatary,  All  personnel  parachutes 
must  meet  the  requirements  below.  With  the  exception 
at  reliability,  this  list  in  not  necessarily  in  the  order 
of  importance. 

(a)  \bsolute  reliability,  both  in  deployment  and 
opening,  whether  automatic  or  manual; 

(A)  Rapid  opening; 

(r)  Rate  of  descent  of  no  more  than  25  fps  for  a 
300-lb  jumper  (usually  achieved  by  high  drag-coeffi¬ 
cient  to  keep  bulk  to  a  minimum).  Rate  of  descent  of 
escape-capsules  is  dependent  upon  weapon-systems 
requirements  and  design  attenuation  of  ground-impact 
loads; 

(d)  Low  bulk  and  weight  (refer  to  (c)  above); 

(e)  Comfortable,  light,  and  properly  designed  har¬ 
ness; 

(/)  Provision  for  fast  release  of  canopy  from  har¬ 
ness  or  person; 

(g)  Tolerable  snatch  and  opening  forces  at  anti¬ 
cipated  maximum  speed  and  altitude  of  deployment; 
and 

(A)  Stability  within  —20  deg  frr  emergency  use 
and  — 10  for  premeditated  jump. 

Requirements  (</).  (e),  and  (f)  are  only  applicable  in 
pnrt  to  emergency-escape  parachute  systems. 

7. 1.1.2  Desirable.  Additional  desirable  require¬ 
ments  and  features  for  personnel  parachute-systems 
are; 

(а)  A  pack  without  comers  or  protuberances,  which 
is  properly  positioned  in  order  not  to  be  subject  to 
damage  or  anagging  preceding  or  during  deployment; 

(б)  Adaptability  to  automatic  operation; 

(c)  Resistance  to  damage  during  use  and  recovery; 

(rf)  Ease  of  repair; 

(e)  Ease  of  packing;  and 

(/)  Low  initial  cost. 

7. 1.1.3  Considerations.  The  designer  of  per¬ 
sonnel  parachutes  must  consider  many  design  re¬ 
quisites.  He  must  know  these  facts; 

(а)  Rate  of  descent  desired; 

(б)  Allotted  load  limits; 

(c)  Amount  of  desirable  stability; 

1 d)  Primary  use;  emergency  escape,  troop-dropping, 
or  air-rescue; 

(e)  Bulk  and  weight  requirements; 

if)  Speed  range; 

(g)  Altitude  range; 
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Fig.  5-35  Flat  Circular  Canopy 
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(/»}  Opening  method. 

In  most  eases,  knowledge  of  (a)  through  (f)  is  suffi- 
eienl  to  make  a  quick  and  easy  determination  of  type 
and  size  of  eanopy.  However,  if  ( p )  and  (/« )  impose 
unusual  eonditions,  it  will  he  necessary  to  consider 
additional  laetors. 

7.1.2  I’KHSONNF.I.-DARACIIIITK  COMDONKNTS 

7.1.2. 1  Canopies .  Selection  of  one  of  three 
canopy  styles  (the  flat  circular,  the  flat  extended- 
skirt,  or  the  guide-surface  personnel)  meets,  or  can 
he  developed  to  meet,  the  mnjority  of  needs  for  de¬ 
ployment  at  subsonic  speeds.  Where  the  characteris¬ 
tics  of  these  canopies  do  not  meet  a  specific  require¬ 
ment,  it  will  be  necessary  to  conaid^r  the  duta  avail¬ 
able  on  other  types,  us  given  in  (.linpter  3.  I' or  emer¬ 
gency  escupe  at  speeds  in  the  transonic  and  super¬ 
sonic  range,  it  will  he  necessary  to  use  a  capsule  or 
ether  protective  device.  si“i%.e  present  research  indi¬ 
cutes  the  probability  of  injury  from  wind  blast  or  de¬ 
celeration  effects  at  those  speeds.  I* or  such  high¬ 
speed  eusef  ge  a  C  y;-e  neap  c  applications,  the  c«l..O|.j 
types  covered  under  Aerospace-Vehicle  Recovery 
should  be  considered  for  first  und  final  stage. 

(1)  Flat  Circular  Canopy.  (Sec  Fig.  5-35.)  'Iliis 
type  bus  a  high  coefficient  of  drag,  is  relatively  sim¬ 
ple  to  produce,  is  sufficiently  stuhlr  for  most  per¬ 
sonnel  applications,  iH  reliable  at  speeds  up  to  A00 
knots  (with  a  15-ft  static-line  and  u  pilot  chute),  is 
relatively  simple  to  pack  und  repair,  and  is  light  and 
compucl.  it  may  bf  deployed  by  ripcord  or  static  line 
or  a  combination  of  both.  Its  chief  disadvantage  is  the 
limitation  of  deployment  speed  and  insufficient  sta¬ 
bility  for  certain  other  applications.  ’Hie  flat  solid 
circular  cunopy,  I  yjw  (.-9  which1  has  n  nominal  dia¬ 
meter  of  28  ft.  is  in  standard  use  at  the  present  time. 
It  is  the  eanopy  for  the  standard  Parachute  Assembly 
lluck  Style. 

(2)  Flat  F.xtended-Skirt  Canopy.  (Sec  Fig.  5-36.) 
This  type  of  canopy  may  be  deployed  ui  higher  speeds 
than  the  flat  circular  type  and  has  better  stability. 
It  if.  relatively  simple  to  produce,  puck,  and  repair. 
The  35-ft  nominal  diameter,  10  per  cent  flat  extend¬ 
ed-skirt  canopy.  Type  MC-1,  is  standard  at  the  pre¬ 
sent  time.  It  is  an  i.itcgrul  part  of  the  Type  A/P28S-2 
parachute. 

(3)  Personnel  Guide-Surface  Canopy.  (See  Fig. 
5-37.)  This  30-fl  nominal-diameter  canopy  (TypeC-11) 
seems  to  offer  the  most  promise  for  a  high  deployment- 
speed  personnel  parachute.  Present  designs  utilize  a 
shuped  (for  example,  conical)  cunopy  similar  to  the 
flat  circular  type,  but  with  four  gores  removed.  The 
guide  surfaces  arc  created  by  extending  alternate  roof 
panels.  This  canopy  has  excellent  stability  for  per¬ 
sonnel  applications.  Opening-shock  is  somewhat  less 


than  that  for  the  flat  circular  type  due  to  its  slower 
opening  lime.  This  slower  opening  time  necessitates 
its  deployment  ut  ultitudes  higher  thun  those  required 
by  tbe  flat  circulur  or  extended-skirt  canopies. 

A  comparison  of  average  opening-force  versus  air¬ 
craft  releuse-velocity  for  the  C— 9,  MC-l,  mid  f.-ii 
canopies  is  presented  in  big.  5-38.  lypicul  force- 
versus-time  histories  of  canopy  inflation  for  these 
types  are  shown  in  big.  5-39-  Various  characteristics 
for  purachutcs,  which  have  the  three  types  of  canopies 
discussed  above,  are  presented  in  fable  5-4. 

(4)  Steerable  Parachute  Canopies.  Steerable- 
parachutes  ore  used  primarily  tor  the  delivery  of  res¬ 
cue,  fire-fighting,  and  other  specialized  personnel 
requiring  precise  entry  into  limited  or  unprepared  tar¬ 
get  areas.  They  are  not  used  as  personnel  emergency 
puruchutes  because  (a)  they  have  a  longer  opening 
time;  (b)  they  can  be  deployed  successfully  only  at 
limited  speeds;  and  (c)lhey  can  be  used  to  advantage 
only  by  experienced  parachutists.  They  are  not  used 
by  paratroopers  primarily  due  to  the  Hazards  of  mid¬ 
air  collision  resulting  from  loss  or  misuse  of  control 
during  mass  jumps. 

Pructicully  nil  stecrakie  parachutes  let  entrapped  air 
to  escape  through  slots  or  orifices  in  tbe  canopy. 
This  “jet  thrust”  generally  results  iu  a  glide  velo¬ 
city  on  the  order  of  5  knots.  Rotational  control  is 
achieved,  by  warping  the  canopy  or  vents  to  deflect 
the  jet  and  impart  a  turning  moment.  All  require  the 
use  of  full  bags,  partial  bags,  or  sleeves,  to  con¬ 
tain  ine  cunopy  during  deployment  and  to  reduce  in¬ 
flation  ms!  functions. 

K.arly  steerable  parachutes  had  modifications  of 
flat  circular  canopies;  however,  tbe  relative  instabili¬ 
ty  of  flat  circular  canopies  introduced  an  unaccep¬ 
table  landing  injury  rate  and  resulted  in  a  change  to 
use  of  the  more  stable  extended-skirt  canopy. 

(4a)  Derry  Slot.  The  Type  E-l  parachute  (Fig. 
5-40)  is  steerable  by  two  strategically  located  slots. 
These  “Derry”  slots  are  positioned  symmetrically 
aft  of  the  canopy  lateral  axis  and  on  each  side  of 
the  fore  ar.d  aft  centerline.  The  slot  design  causes 
air  to  jet  inboard  and  to  tbe  rear.  Control  lines  ore 
attached  to  the  lower  edge  of  the  slots  and  when 
either  line  is  shortened  the  slot  is  deformed  which 
results  in  a  reversal  of  the  jet  thrust  from  the  de¬ 
formed  slot.  Derry  slots  can  be  used  in  either  flat 
circular  or  shaped  canopies.  Tbe  basic  disadvantage 
of  Derry-slotted  canopies  is  tbe  necessity  of  using 
control  lines  of  greater  length  than  the  canopy  sus- 
peusiou-linea.  The  additional  longer-length  lines 
introduce  line-deployment  problems  during  inflation. 

(4b)  Slit  Skirt  ( Type  I VC-2)  (See  Fig.  5-41.)  The 
MC-1  becomes  steerable  with  incorporation  of  a 
F-slot  approximately  6  ft  long  in  the  rear-most  gore. 
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Fig.  5-36  Flat  Extended-Skirt  Canopy 
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D.  Extraction  Force  Shifted  E  Recovery  System  Being  F.  Recovery  System  After 

To  Recovery  Parachute  Deployed  Deployment 

Pocks 


TABI.K  5-4  PARACIItiTK  CIIA  R ACTKRISTICS 


Components 

Parackate  A  aaeoibly,  Back-Style 

Parachute  Assembly 

Parackate  Assembly 

Assembly  No.  50C-7024-20 
Aaaembly  No.  50C-7024-18 

Type  A/P  28S-2 

Type  A/P-28S-10 

Emergency  escape 

Paratrooper 

Air  rescee-service 

Harness  Assembly 

Material 

Nyloa  webbiag  Type  XIII  &  XXII 

Cotton  or  Nyloa  webbing 

Nylon  webbiag  Type  XIII 

Release 

J-l  caaopy  release 

3-prong,  qaick.  Type 

J-l  caaopy  release  A  B-2A 

B-2A  &  J-l  caaopy 

haraeaa  release 

release 

Qaick-adjaatable 

Rttiaga 

V -rings  A  aaapa 

Qaick-adjaatable  V-riaga  & 

Qaick-adjaatable  legstrap 

Qaick-adjaatable 

■Rapt 

adapters,  D-riag  for 
reserve  parackate 

V-riaga  A  aaapa 

Mai  a  Parackate  Pack 

Dimensions 

26"  a  15"  a  5" 

20"  a  12”  >  6” 

2S-I/2”  a  16”  a  6" 

Material 

Nyloa  doth,  plied  yarn 

10  oa  cotton  deck 

Nyloa  doth,  plied  yarn 

Maia  Caaopy 

Type  C-9 

Type  MC-1 

Type  MC-1  with  elliptical 

orifice 

Diameter 

28*  (Rat  circa lar) 

35*  (nominal) 

35’  (nominal) 

Material 

l.l-o a  Nyloa  doth,  oraage  A 

1.  l-oi  camoaflaged 

1.1-ot  ripstop-Nyloa 

white 

ripstop-Nyloa 

oraage  A  white 

Saspeaaioa  liaea 

14— sack  75.3*  leagtb,  raaaiag 

30— each  25.5'  (375  lb 

30— each  25.5’  (375  lb 

coatiaaoasly  from  coaaector 
to  coaaector  (550  lb  T.S.) 

T.S.)  _ 

T.S.) 

No.  of  gates 

28 

30  (shaped) 

30  (shaped) 

Coaaectioa  liaka 

Separable  coaaector  liaka 

4— Replaceable 

4— Replaceable 

Deployment  Bag 

Noae 

18”  a  12”  <  5"  (fall 

18”  i  12”  i  5”  (Fall 

Dimeaaioaa 

bag) 

bag) 

Material 

Nylon 

8.5-oi  Cotton  twill 

Nyloa  doth,  plied  yarn 

Static  liae 

Noac 

15"  Nyloa  webbing 

15”  Nyloa  webbiag 

TypeXm 

Type  XIR 

Stow  loops 

Fabric 

2  Rows  (11  loops  eacb) 

2  Rows  (11  loops  eacb) 

Reserve  Caaopy 

Noae 

Diameter 

24’  (Rat  circalar) 

24’  (Rat  circalar) 

Material 

l.l-oi  camoaflaged 

l.l-oi  caaweflaged 

Saspeaaioa  liaaa 

ripstop-Nyloa 

ripstop-Nyloa 

24— eacb  20'  (550  lb  T.S.) 

24-each  20’  (550  lb  T.S.) 

No.  of  gores 

24 

24 

Ripcord  Aaaoaibly 

Raaible  steel  cable  with  grip 

Steel-wire  handle  with 

Steel-wire  handle  with 

aad  locking  pise 

6.75”  metal  cable 

6.75"  metal  cable 

Aatoaiatic  Release 

Nona  Type  F-1B 

Noae 

None 

Vt  of  Parackate 

261b  391b 

39  lb 

401b 

100  200  300  400 


AflCRAFT  RELEASE  VELOCITY  (KNOTS) 

Fig.  5-38  Opening  Force  vs  Aircraft  Release  Velocity  for  Type  C-9.  MC-l,  and  C.-ll  Canopies 


The  akirt  baa  does  not  cross  the  open  slot.  Rein- 
forcemeat  at  the  apex  of  the  alot  is  necessary.  When 
the  aft  risen  are  palled  on  the  side  toward  which  it 
is  desired  to  tarn,  the  akirt  on  that  aide  is  forced  to 
a  lower  position  than  the  skirt  on  the  other  side  of 
the  alot.  The  resulting  direction  of  jet  flow  causes 
the  canopy  to  rotate.  This  canopy  has  proved  to  have 
stability,  rate  of  descent,  and  opening-shock  com¬ 
parable  to  that  of  the  conventional  MC-l.  Slit-skirt 
parachutes  encounter  an  extremely  high  inversion- 
rate  if  the  akirt  is  not  contained  during  the  deployment 
process.  The  use  of  a  quarter-deployment  bag  or 
akirt -heaitator  provides  for  acceptable  deployment 
and  inflation.  Control  of  the  slit  skirt  also  requires 
the  attachment  of  so  additionnl  suspension  line  to 
each  cat  edge  sad  the  line  length  differential  involved 
inflicts  the  deployment  penalties  noted  for  the  Type 
E-l  parse  bate. 

(4c)  Single  Orifice.  The  Type  A/P28S-3  and 
A/P28S-10  parachutes  (Fig.  5-42)  use  a  basic  MC-l 
canopy  that  has  been  modified  by  locating  a  poly¬ 
gonal  orifice  symmetrically  on  the  fore  and  aft  center- 
line  in  the  rear  quadrant  of  the  canopy.  The  main- 
seaa  radial  tapes  are  left  intact  to  provide  structural 
and  shape  integrity.  Canopy  deformation  and  resul¬ 


tant  directional  change  in  jet  thrust  is  obtained 
through  the  use  of  “  slip  risers”.  Slip  risers  are  simi¬ 
lar  to  conventional  risers,  except  that  the  midpoint 
is  not  restricted  and  shortening  one  riser  results  in 
an  equal  lengthening  of  the  opposite  riser.  The  sin¬ 
gle-orifice  modification  is  adaptable  to  free-fall  and 
static-line-actuated  parachutes  and  does  not  serious¬ 
ly  compromise  the  stability  or  descent-rate  require¬ 
ments  of  troop  parachutes.  The  canopy  is  contained 
by  a  full  deployment  bag  during  deployment.  Thin 
design  is  considered  to  be  the  most  effective  for 
military  applications. 

(4cf)  Other  Types.  There  are  a  number  of  other 
steerable  parachutes  that  have  been  tested.  With  few 
exceptions  all  parachutes  tested  rely  upon  a  canopy 
vent  with  various  shapes  and  areas  to  effect  steer¬ 
ability.  A  notable  exception  is  the  Hoffman  triangular 
canopy  which  attains  the  necessary  thrust  through 
shape  rather  than  venting.  Examples  of  other  steer¬ 
able  canopies  are  shown  in  Fig.  5-43a  and  b. 

The  recent  revival  of  sports  parachuting  has  re¬ 
sulted  in  the  appearance  of  numerous  steerable-cano¬ 
py  designs  and  principles  of  canopy  venting  and 
sleeve  deployment  are  used  almost  exclusively.  Some 
practitioners  have  mated  venting  with  permeability 
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FORCE  VERSUS  TIME  HISTORIES 


0  05  10  15  20  2  5  30 

TIME  (SEC) 


0  05  10  15  20  2  5  30 


TIME  (SEC) 


Fig.  5-39  Force  vs  Time  Histories  of  Canopy  Inflation  of  C-9,  MC-I,  and  C-ll  Cmopi 


5-40  Type  F.-l  Steerable  Parachute 

control  to  attain  effective  steerability.  The  relative 
merits  of  the  various  configurations  of  steerable 
canopies  existent  in  sports  parachuting  today  are 
argumentative,  as  precise  engineering  data  to  snpport 
performance  claims  has  not  been  made  available. 

7. 1.2.2  Automatic-Opening  Parachutes.  With 
the  exception  of  parachutes  used  in  certain  types  of 
aircraft,  such  as  liaison  airplanes,  helicopters,  and 
some  transport  aircraft,  all  personnel  parachutes 
should  be  designed  for  the  installation  of  an  auto¬ 
matic  ripcord  release.  The  release  should  be  mounted 
inside  the  parachute  pack,  so  that: 

(a)  Comfort  of  the  parachute  wearer  is  not  affected; 

(b)  The  release  is  easily  accessible  for  inspec¬ 
tion,  servicing,  and  installation; 

(c)  Automatic  actuation  of  the  ripcord  is  reliable; 
and 

(d)  The  arming  knob  or  handle  of  the  release  is 
suitably  mounted  and  accessible  to  either  hand. 


Fig.  5-41  Type  MC-2  Steerable  Parachute 

The  automatic  parachute  aaables  the  wearer  to 
escape  above  a  preset  altitude,  ana  bis  automatic 
release,  aad  parachute  deployment  is  initiated  auto¬ 
matically  at  a  safe  aad  predetenu  ised  level  above  the 
terrain.  If  the  wearer  escapes  from  the  aircraft  below 
an  altitude  equivalent  of  the  preset  altitude  value  of 
the  automatic  release,  para  chats  deployment  should 
be  initiated  automatically  after  a  predetermined  de¬ 
lay-time  to  allow  for  sufficient  speed  decay  and  avoid 
high  or  excessive  opening-shock  farces.  Different 
views  of  the  parachute  assembly  (autosMtic,  back), 
incorporating  an  automatic  ripcord  release,  oxygen 
bottle,  C-9  canopy,  aad  harness  are  ahowu  in  Fig. 
5-44. 

7.1. 2.3  Parachute  Pack.  The  parachute  pack 
shall  suitably  house,  protect,  and  mount  the  canopy 
on  the  person.  It  is  mandatory  that  the  pack  open 
with  nbsolnte  reliability,  both  automatically  aad 
manually,  at  the  time  the  ripcord  is  actuated  aad  pep- 
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Fig.  5-42  Halo  (Modified  SIC- 1)  Canopy 


mil  uninterrupted  deployment  of  the  canopy.  Such 
operntion  muni  take  place  under  the  extreme*  of  en- 
vironinentul  and  handling  conditions  imposed  in  ser¬ 
vice.  The  use  of  metal  ribs  or  stiffeners  in  the  pack 
deaifpi  should  be  minimized  to  reduce  weight  and 
maintain  wearing  comfort.  The  pack  should  mount 
firmly  and  form-fit  the  body  to  minimize  fouling  on 
aircraft  equipment  and  seats.  The  integration  of  the 
pack  with  other  personal  equipment  the  person  may 
be  required  to  wear  is  highly  important  and  will  in¬ 
fluence  the  design  and  configuration  of  the  pack. 

7. 1.2.4  Harness 

(4a)  General.  The  parachute  harness  worn  by 
the  jumper  is  employed  first  to  transmit  the  para¬ 
chute  opening-forces  to  the  wearer  in  such  a  manner 
that  he  is  not  injured,  and  second  to  support  the  wear¬ 
er  satisfactorily  during  the  descent.  The  harness, 
consisting  primarily  of  webbings  and  associated 
hardware,  may  be  connected  directly  to  the  suspen¬ 
sion  lines  by  use  of  links.  It  is  preferred  that  risers 
be  employed  to  connect  the  suspension  lines  to  the 
harness.  The  support  during  descent  should  be  such 
that  the  wearer’s  vertical  axis  is  approximately  per¬ 
pendicular  to  the  earth’s  surface. 

On  personnel  emergency-parachutes,  packs  and 


Fig.  5-43 a  Hart  Type  Steerable  Parachute 


Fig.  5 -43b  MC-l  With  Tilted  Extensions 
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harnesses  arc  usually  mninlainccl  as  one  unit.  The 
wearer  carries  the  parachute,  harness,  and  certain 
attached  personal  equipment  when  on  the  ground. 
Another  arrangement  in  the  (separation  of  the  harness 
from  the  pack  and  .other  attached  personal  equipment 
while  on  ih#»  I  he  parachute  and  attached  per¬ 

sonal  equipment  is  kept  in  the  aircraft.  I  he  aircrew 
member  wears  only  the  harness  until  he  enters  the 
aircraft,  when  he  attaches  the  parnchute  and  pcrsonul 
equipment  to  the  harness.  I  his  system  can  he  so 
arranged  that  the  straps  attaching  tire  parachute  pack 
to  the  harness  also  serve  as  the  aircraft  safety-sirups. 
The  portion  of  the  parachute  system  remaining  in  the 
cockpit  at  all  times  cun  be  hooked  up  for  automatic 
disconnection  from  the  seat  during  an  emergency  ejec¬ 
tion.  Survival  kits  and  other  personal  equipment  cun 
also  be  attached  to  that  portion  remaining  in  the  air¬ 
craft.  A  Heries  of  drop  tcHts  have  given  an  indication 
of  the  maximum  percentage  of  total  force  that  may  be 
exerted  at  various  points  in  conventional  personnel 
harnesses  (Hef  ( J>- 1 4-3 .  hig.  5*45  )’“ts  these  forces 
and  locutions  for  both  cotton  and  Nylon  harnesses. 

Many  attempts  have  hern  made  to  improve  basic 
harness  design.  Oce  is  the  use  of  netting  with  low- 
strength  intertwining  strands.  A  big  drawback  to  such 
a  system  is  the  difficulty  of  providing  adjustment  to 
desirable  limits,  and  of  designing  to  prevent  extreme 
elongation. 

(4/>)  General  Considerations  (or  Harness  Design. 

(1)  iiumrsses  must  be  constructed  so  that  ad¬ 
justment  can  be  made  by  the  user  and  repairs  can 


lig.  5-45  Maximum  Horen  Percentages  on  a  Parachute  Harness  During  Canopy  Inflation 
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rtiMilv  ho  in  udr  by  personnel  of  operating  unitH  and 
overhaul  buses. 

(2)  A  safety  factor  of  15  (minimum)  mual  b« 
maintained  throughout  ull  portions  of  the  harness. 
Technical  Memorandum  lieport  WCI  ,K-53-292  given 
guidance  on  I  lit-  relative  strength  of  the  vurioua  atrapa 
and  filling*  of  the  ham  rax  necessary  to  meet  require- 
nientn. 

(3)  Design  should  be  such  that  only  a  minimum 
of  temporary  sewing  or  tacking  is  necesattry. 

(4)  The  harness  must  encompass  the  body  in 
such  a  manner  that  its  basic  function  of  retaining 
the  body  at  the  lower  end  of  the  parachute  suspen¬ 
sion-system  is  absolutely  and  inherently  secure. 

(■r>)  The  suspension  straps  and  harness  must 
not  interfere  with  normal  vision  or  seriously  hamper 
movement  required  for  canopy  manipulation  during 
descent  or  at  ground  impucl. 

(6)  The  harness  must  incorporate  a  suitable 
connection  for  a  canopy.  On  present  designs,  four 
risrrs  are  attached  to  the  harness  to  provide  proper 
suspension  and  suitable  transmission  of  the  maximum 
canopy  opening-force.  The  connection  of  the  riser 
straps  and  the  harness  should  be  located  t  to  2  in. 
below  the  collarbone  of  the  w rarer. 

(?)  The  harness  should  be  simple  in  design, 
with  an  absolute  minimum  of  parts  that  may  become 
entangled,  twisted,  or  interposed  with  one  another, 
which  would  force  the  wearer  to  realign  the  parts  in 
order  to  put  the  harness  on. 

(H)  The  harness  should  be  so  designed  than  an 
individual  may  put  on  and  adjust  the  assembly  while 
in  a  standing  or  seated  position. 

(4)  The  harness  must  incorporate  a  method 
whereby  the  wearer  can  remove  the  harness  quickly 
and  easily  by  operating  each  connector  with  one  hand. 

(10)  The  number  of  adjustment  points  required 
to  make  the  harness  fit  should  be  kept  to  a  minimum. 
The  adjustment  points  should  be  accessible,  pre¬ 
ferably  visible,  to  the  wearer  when  seated. 

(11)  The  adjustment  points  must  not  hamper  or 
prevent  actuation  of  the  ripcord  or  automatic  para¬ 
chute  arming-knob  on  the  accessible  front  ares  of 
the  harness  when  worn. 

(12)  The  harness  must  be  so  designed  that 
even  after  faulty  or  careless  adjustment  it  will  resist 
fulling  from  the  wearer's  shoulders  during  canopy 
deployment  or  opening. 

(13)  The  harness  must  be  quickly  and  easily 
adjustable  without  roping  or  jamming  of  the  webbings 
in  the  adjustment  fittings.  The  size  of  the  harness 
should  be  indicated  by  a  visible  marking,  so  that  the 
size  to  which  the  harness  should  be  adjusted  will  be 
readily  seen  at  a  glance. 


(14)  llnleaa  individually  sized,  the  harness 
must  be  readily  sad  quickly  adjustable  to  a  suitable 
fit  for  individual  personnel  sizes  varying  from  5  ft. 
2  in.  to  6  ft  6  in.  in  height  and  1 10  to  250  lb  in  weight, 
with  or  without  standard  Air  Korea  winter  flight¬ 
clothing. 

(15)  The  harneea  must  not  cause  discomfort  to 
the  wearer  resulting  from  limited-area  body-contact 
and  pressure  points,  or  cause  uncomfortable  restric¬ 
tion  from  bulky  protrusions,  which  may  invite  snag¬ 
ging  on  other  personal  equipment  or  the  aircraft  seat. 

( 16)  There  moat  be  ao  strap  adjuatera,  connec¬ 
tors,  or  metal  fittings  directly  against  the  wearer’s 
back  when  the  harness  is  worn.  Metal  fittings  must 
not  contact  the  wearer's  face  or  head  during  opening 
or  descent  of  the  canopy. 

7.1.3  CANOPY  DKPLOYMKNT.  Two  basic  de¬ 
ployment  methods  are  used  with  personnel  parachutes: 

(a)  Kree-type  deployment;  or 

(b)  Static-line  deployment. 

The  free-type  deploynmot  method  ban  been  used 
for  many  years  for  personnel  emergency-parachutes. 
The  static-line  deployment  is  still  used  for  air  res¬ 
cue-service,  Army  paratroopers,  and  other  premedi¬ 
tated  jumping.  See  Chapter  7  for  farther  information 
on  deployment  systems.  Fig.  5-46  shows  the  deploy¬ 
ment  of  a  Type  A/P  28S-2  parachute  and  a  correla¬ 
tion  of  static-line  force  to  state  of  deployment.  Note 
the  deployment  bag  and  the  smooth,  straight  deploy¬ 
ment  of  the  suspension  lines. 

The  free-type  deployment  method  incorporates  a 
pilot  chste  which,  when  released  into  the  air-stream, 
produces  enough  drag  to  deploy  the  main  canopy.  The 
static-line  deployment  method  incorporates  s  direct 
connection  between  the  aircraft  sod  the  main  para¬ 
chute  to  cause  deployment. 

SEC  8  TARGET 

8.1  Early  History.  The  use  of  parachutes  for 
targets  is  one  of  the  latest  applications  in  the  para¬ 
chute  field  today.  Although  crude  and  without  reflec¬ 
tive  fabric,  the  first  paraebates  used  in  1949  proved 
feasible  as  targets  for  anti-aircraft  missile  tests.  For 
these  first  target  parachutes,  standard  flat  canopies 
were  modified  by  gluing  strips  of  aluminum  metal  foil 
to  the  gores.  This  greatly  reduced  the  porosity  of  the 
canopy  and  canned  a  high  degree  of  instability.  Im¬ 
provements  have  been  made  so  that  reflective  canopy 
material  is  now  produced  commercially. 

8.2  Applications.  Target  p  arachutee  are  ueed 
primarily  when  a  relatively  large  number  of  scheduled 
anti-aircraft  miasile  firings  are  to  take  place.  In 
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Hurh  instances,  (he  number  and  cost  of  drone  aircraft 
required  for  testing  become  exceHHive.  The  target 
parachutes  cun  generally  be  reused  Heveral  limen, 
tbuH  incrruHing  their  economy.  They  may  be  dropped 
from  aircraft  at  desired  allituden  or  deployed  by 
ground-launched  rockets  at  deNired  altitudes,  de¬ 
pending  on  the  nature  of  the  test  to  be  conducted. 
Fig.  5-47  shows  a  typical  rocket-launch  trajectory  of 
a  target  parachute. 

8.3  R#quir«m«nts.  'ITie  major  requirement  for 
a  target  parachute  is  that  it  be  “stationary’ '  ut  the 
pre-determined  target  altitude.  Stationary  means  a 
maximum  descent  velocity  of  10  fps  for  approximately 
5  min.  After  the  anti-aircraft  missile  test  is  com¬ 
pleted,  the  target  parachute  should  descend  us  quick¬ 
ly  us  possible  (75  to  100  fps)  so  that  it  will  not  drift 
off-range  and  be  lost.  However,  in  order  to  protect 
the  suspended  instrumentation  and  photo  equipment, 
the  target  parachute  descent  should  be  reduced  to  a 
minimum  speed  near  the  ground  to  allow  for  safe 
impact.  These  conditions  have  been  obtained  by  the 
application  of  vent  reefing;  by  disconnecting  the  tar¬ 
get  canopy  and  deploying  a  recovery  parachute  at  a 
pre-selected  altitude;  or,  in  the  case  where  there  is 
almost  negligible  suspended  weight,  a  significant 
number  of  the  suspension  lines  may  be  severed  to 
partially  spill  the  canopy  and  still  achieve  a  satis¬ 
factory  impact  velocity. 

Another  important  requirement  is  that  the  target 
parachute  have  the  same  reflectivity  as  a  particular 
target,  such  os  a  specific  airplane  or  missile,  in 
order  to  activute  the  automatic  guidance  system  of 
the  anti-aircraft  missile.  The  method  presently  being 
applied  to  make  the  parachute  material  reflective  is 
impregnation  of  the  material  with  silver.  This  process, 
which  in  accomplished  commercially,  does  not  appre¬ 
ciably  harm  the  material,  nor  change  its  characteris¬ 
tics  significantly.  Various  coating-patterns  have  been 
utilized  to  effect  better  simulation  of  aircraft.  One 
pattern,  in  which  alternate  panels  of  the  canopy  are 
coated,  has  been  effective  in  simulating  the  “noise" 
or  interlcrence  effects  of  modern  jet-aircruft  on  tar- 
get-detection  systems. 

8.4  System,  A  target-parachute  system  includes 
the  target  parachute,  pilot  chute  or  chuteB,  instru¬ 
ments,  and  cameras.  In  cases  where  the  system  is 
dropped  from  aircraft  these  items  are  packed  in  a 
case,  such  as  a  bomb-shaped  container  which  is  sus¬ 
pended  either  internally  or  externally  from  the  bomb 
shackle  of  the  drop  aircraft.  This  container  should  be 
made  from  material  non-reflective  to  radar,  as  the 
target-parachute  reflection-picture  could  be  easily 
distorted  by  container  reflectivity.  In  some  cases, 
when  the  canopy  is  deployed,  a  smoke  grenade  is 
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ignited  and  bums  to  aid  in  visual  location  of  the  tar¬ 
get.  I  his  also  provides  more  time  for  the  drop  aircraft 
to  clear  the  danger  area,  since  the  target  system  is 
normally  dropped  about  three  minutes  before  missile- 
launch. 

8.5  Rodor  Torgtll,  When  an  object  is  hit  by 
beam  of  electromagnetic  radiation,  the  reflected  radia¬ 
tion  is  scattered.  The  direction  of  this  scattering  de¬ 
pends  on  the  orientation  of  the  various  surfaces  of 
the  object;  only  that  reflection  towards  the  radar  set 
or  incoming  missile  is  useful.  The  “effective  radar 
cross-section”  of  an  object  is  the  area  which  reflects 
radiation  back  to  the  receiver.  It  depends  on  the  size- 
curvature,  and  direction  of  motion  of  the  target.  Ef¬ 
fective  radar  cross-section  can  be  measured  by  the 
ratio  of  the  amount  of  energy  that  is  reflected  toward 
the  radar  set  to  the  amount  of  anergy  that  is  trans¬ 
mitted  towards  the  target  by  the  radar  set.  The  larger 
the  effective  radar  cross-section  of  a  target,  the  larger 
the  percentage  of  the  illuminating  radiation  is  returned 
to  the  original  source  of  the  radiation.  Thus,  a  flat 
plate  perpendicular  to  the  axis  of  illumination  is  the 
most  efficient  radar  target.  It  is  noted  that  radar  cross- 
section  measurements  are  not  precise,  so  several 
runs  must  be  made  and  the  average  cross-section  de¬ 
termined.  In  Fig.  5 -48,  ten  measurements  were  taken 
of  a  220-deg  spherical  canopy  to  determine  the  radar 
cross-section.  Two  boundary-curves  were  obtained 
with  the  shaded  area  between  the  two  curves  being 
caused  by  oscillation  of  the  parachute.  Fig.  5-49  re- 
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development  stage  warrant*  their  uee. 


Fig.  5-49  Radar  Cross-Section  of  Rinn-Slot  Canopy 

presents  the  radnr  cross-section  of  a  ring-slot  para¬ 
chute  . 

8.6  Simulation.  The  problem  of  simulation  or 
producing  a  radar  target  of  a  specified  "effective 
radar  cross-section”  is  difficult,  since  this  "effective” 
area  is  governed  by  the  attitude  of  the  parachute  re¬ 
lative  to  the  intercept  missile.  A  radar  target  which 
represents  one  type  of  aircraft  to  an  air-to-air  missile 
would  not  represent  the  same  aircraft  for  a  ground-to- 
air  miosile.  Although  the  use  of  a  metalized  sphere 
would  alleviate  the  problem  of  relative  attitude  be¬ 
tween  the  target  and  missile,  the  sphere  is  a  very  in¬ 
efficient  target  when  considering  the  amount  of  inci¬ 
dent  radiation  it  returns  to  the  original  source.  The 
most  common  type  of  missile  target  in  use  today  is 
the  hemispherical  or  "shaped”  canopy.  In  addition 
to  providing  a  desired  effective  radar  cross-section, 
the  use  of  parachutes  allows  the  storage  of  a  poten¬ 
tially  large  reflective  surface  in  a  relatively  small 
volume. 

Although  target  parachutes  can  never  replace  fast- 
moving  drone  aircraft,  the  savings  realized  by  their 
use  during  a  major  portion  of  an  anti-aircraft  missile- 
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CHAPTER  6 

MATERIALS  FOR  DEPLOYABLE  AERODYNAMIC  DECELERATORS 


'Hit-  selection  of  material*  for  the  fabric  portions  of  deployable  aerodynamic  decelerator  systems  re¬ 
quires  that  the  designer  consider  textiles  from  a  structural  engineering  viewpoint.  The  range  of  standard 
cloths,  webbings,  cords,  tapes,  etc.,  covered  by  current  military  specifications  meets  most  of  the  re¬ 
quirements  for  conventional  personnel,  cargo,  rrrovrry,  deceleration,  ami  stabilization  decelerators 
designed  for  use  in  the  subsonic  range.  More  advanced  systems,  involving  greater  canopy  loading,  high¬ 
er  temperatures,  lower  bulk  and  weight,  etc.,  will  require  modifications  of  such  materials,  or  the  design 
of  completely  new  textiles,  Hie  characteristics  of  current  parachute  materials,  requirements  for  more 
advanced  systems,  and  trends  in  research  and  development  of  |wirachutc  textiles  are  described  in  this 
chapter. 


SEC  1  PARACHUTE  TEXTILES 


The  use  of  textiles  as  engineering  materials  re¬ 
quires  consideration  not  only  of  strength,  elongation, 
flexibility,  and  response  to  environments,  but  also  of 
poroaity,  aewability,  and  other  factors  not  usually 
vital  to  the  use  of  more  conventional  structural  ma¬ 
terials. 

Textiles  are  used  in  parachute  applications  in  the 
form  of  cloths,  webbings,  tapes,  ribbons,  and  cords 
for  the  construction  of  both  the  aerodynamic  portions 
of  the  system,  and  for  such  auxiliary  devices  as 
packs,  deployment  bags,  and  harnesses.  Newer  aero¬ 
dynamic  decelerators  now  under  development  may 
use  other  typea  of  materials,  such  as  metal  sheets, 
and  plastic  films  (see  Chapter  3). 

The  textile  fibers  most  common  in  present-day 
parachute  canopy  and  load-benring  member  appli¬ 
cations  are  Nylon  and  Dacron,  although  some  use  is 
made  also  of  textiles  woven  of  rayon  fibers  in  a  limit¬ 
ed  range  of  applications.  Cotton  and  silk,  although 
used  extensively  in  the  past,  are  no  longer  in  general 
use  as  canopy  materials.  Cotton  cloths,  webbings, 
and  tapes,  however,  do  find  application  in  deployment 
bags,  packs,  ties,  and  related  devices.  Materials 
used  experimentally,  and  for  limited  special-purpose 
applications,  include  Fiberglas,  Orion,  paper,  poly¬ 
ethylene,  polypropylene,  Mylar,  and  other  plastics. 
Some  experimental  work  has  been  conducted  with 
metal  fibers,  wire  cloths,  and  ceramic  fibers,  and 
with  special  heat-resistant  synthetic  organic  fibers, 
but  no  fabrics  woven  of  these  materials  are  available 
for  routine  use  as  yet. 


SEC.  2  MECHANICAL  PROPERTIES  OF  DE¬ 
PLOYABLE  AERODYNAMIC  DECELERATOR 
MATERIALS 

The  specific  properties  of  textiles  of  interest  to 
the  parachute-system  designer  will  vary  somewhat 
with  the  portion  of  the  system  under  consideration. 
However,  the  effects  of  environmental  exposure,  es¬ 
pecially  heat,  aging,  sunlight,  weather,  and  chemicals 
and  their  fumes,  are  of  importance  in  virtually  every 
application  (nee  Table  6-1).  In  load-bearing  appli¬ 
cations,  especially  in  the  design  of  suspension  lines, 
risers,  etc.,  the  strength  of  the  fabrics,  and  their 
elongation,  elastic-recovery,  and  energy-absorption 
properties  are  of  primary  concern  in  materials  selec¬ 
tion  and  application.  For  canopy  designs,  fabric  po¬ 
rosity  and  tear  resistance  are  of  major  interest,  es¬ 
pecially  in  the  esse  of  solid  textile  types.  Friction, 
abrasion,  nod  wear  characteristics,  electrostatic 
properties,  inn,.  ■  ■  .anility,  fungus  resistance,  and 
the  effects  of  fungicides,  lubricants,  and  other  fabric 
treatments  on  mechanical  performance  also  must  be 
considered  in  specific  applications. 

The  use  of  textiles  as  engineering  materials,  of 
course,  requires  sewing  to  effect  joints  between  two 
or  more  layers  of  the  same  or  different  materials. 
Thus,  sewability  (see  Chapter  8)  and  the  other  fabric 
properties  such  as  stiffness,  flexibility,  handle,  and 
drape  also  must  be  considered  in  materials  selection 
and  system  design. 

2,1  Standard  Materials.  There  is  no  single  source 
of  data  on  all  of  the  above-mentioned  properties  for 
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all  fabric  anil  fiber  type*  of  intereat  to  the  parachute 
engineer.  The  mechanical  atnicture,  atrength,  weight, 
volume,  tlimenaione,  air  permeability  (where  appli¬ 
cable),  and  (for  aonte  textile*)  elongation  of  atandard 
Nylon,  Dacron,  cotton,  and  rayon  materiala  are  de- 
acribed  in  the  appropriate  military  apecificationa  (aee 
Chapter  13;  the  bulk  of  theae  data  are  aummarized 
in  the  table*  of  Section  3).  Further  background  data 
on  theae  and  other  materiala  are  aummarized  in  two 
USAF  Handbook*  (Ref  6-1  and  6-2).  Other  pertinent 
document*  containing  detailed  information  alao  are 
Hated  aa  Reference*  at  the  end  of  thia  chapter. 

In  general,  current  Nylon  and  Dacron  parachute  fab¬ 
ric*  are  auitable  for  moat  application*  in  the  aubaonic 
speed  range,  and  to  some  extent  in  supersonic  appli¬ 
cations.  'Hie  major  problems  arise  in  those  cases  in 
which  high  temperatures  are  encountered  (aerodynamic 
heating  in  high-apeed  deployment,  friction-generated 
heat  during  deployment,  and  storage  under  elevated 
temperatures),  and  in  which  canopy  bulk  or  weight  are 
problems  (see  2.2.2  below). 

Dacron  textile*  are  more  resistant  to  high  tempera¬ 
tures  than  Nylon  materials,  retaining  their  atrength 
and  elastic  recovery  properties  somewhat  belter.  The. 
limit  of  useful  application  is  300  to  350  F,  aa  com¬ 
pared  with  a  maximum  temperature  point  for  Nylon  of 
250  to  280  F.  For  systems  which  must  withstand 
higher  temperatures,  new  materiala  must  be  developed 
(see  2.2.1  below). 

2.2  New  cmd  Experimental  Material*.  Research 

and  development  effort  in  textile  materials  for  para¬ 
chute  applications  is  being  directed  toward  increasing 
environmental  resistance  (especially  high  tempera¬ 
ture),  improving  mechanical  properties  (including  air 
permeability  --  aee  Chap.  4),  producing  narrow  fab¬ 
rics  with  minimum  bulk  for  specified  strength,  and 
developing  low-coat  materials  for  use  in  expendable 
parachutes. 

2.2.1.  HIGH  TKMPKRATURK  MATF.RIAIi).  The 
increasing  use  of  parachutes  for  recovery  of  equipment 
from  high-apeed  missiles  and  returning  space  vehicles 
will  intensify  the  problem  of  selecting  materiala  which 
can  withstand  the  temperatures  generated  by  aero¬ 
dynamic  heating.  Hie  temperature  of  the  canopy  fab¬ 
ric  in  auch  an  application  depends  upon  a  balance 
between  the  convective  and  radiative  heat  transfer 
from  aerodynamic  and  solar  heating  respectively,  and 
the  radiation  of  heat  by  the  canopy  fabric  to  its  sur¬ 
roundings. 

The  prediction  of  such  temperatures  requires  data 
on  the  absorption  coefficients  for  solar  radiation,  the 
emission  coefficient  for  long-wave  radiation,  and  the 
thermal  diffusivity  of  the  canopy  fabric.  Values  for 
the  first  two  parameters  for  several  types  of  Nylon  and 


Dacron  parachute  fabrics  are  given  in  Table  6-2  (Ref 
6-3).  Thermal  diffusion  may  be  determined  from  the 
fabric's  specific  heat,  weight  per  unit  area,  thickness, 
and  thermal  conductivity.  Methods,  data,  and  experi¬ 
mental  results  are  discussed  in  References  6-4  and 
6-5.  A  basis  for  the  calculation  of  aerodynamic  heat¬ 
ing  rates  for  parachutes  at  high  speeds  and  altitudes 
is  presented  in  Ref  6-6;  the  results  of  studies  of  heat 
transfer  rates  are  discussed  in  Ref.  6-7.  I  he  problems 
of  aerodynamic  heating  of  deceleraiors  are  discussed 
in  detail  in  Chap.  4.  Sec.  12- 

Approaches  to  the  development  of  high-temperature 
fabric*  include  research  on  high-melting  organic  poly¬ 
mers  (Ref  6-8);  the  use  of  protective  coatings  for  heat 
resistance  and  cooling  by  mass  transfer  (Ref  6-9); 
design*  in  which  partial  destruction  of  the  canopy  by 
heat  can  be  tolerated  after  initial  deployment  (Ref 
6-10);  and  fabrics  woven  of  fine  metallic  wires,  high- 
melting  glasses,  coated  refractory  metals,  metal  and 
metal  oxide  whiskers,  and  ceramic  fibers  (Ref  6-11, 
6-12,  6-13,  6-14). 

The  most  promising  of  the  conventional  fabric  ma¬ 
terials  at  present  is  IIT-1,  a  temperature-resistant 
synthetic  organic  fiber  with  a  melting  point  of  840  F, 
which  extends  the  useful  range  of  fibrous  materials 
for  parachute  application  to  about  600  F.  At  this 
temperature  HT-1  retains  over  50  per  cent  of  its  origi¬ 
nal  strength;  after  8  hr  at  400  F,  it  has  approximately 
550  per  cent  more  strength  than  nylon.  It  does  not 
melt,  drip,  or  fuse  together  as  nylon  does  when  ex¬ 
posed  to  flame,  and  it  has  good  resistance  to  com¬ 
monly  used  solvents  and  chemicals  (Ref  6-8). 

F.xperimenlal  work  with  a  coated  wire-mesh  fabric 
woven  of  1.6  mil,  200  x  200  mesh,  Rene  41  high- 
nickel,  super-alloy  steel  wire  indicates  that  such 
fabrics  may  be  applicable  to  decelerator  construction 
for  higher  temperature  use  in  such  devices  as  space 
vehicle  drag  brake*.  The  requirements  here  are  for 
a  material  strong  enough  to  carry  the  aerodynamic 
pressure  loading,  foldable  into  the  launch  config¬ 
uration  of  the  vehicle,  and  resistant  to  the  space  en¬ 
vironment  during  orbit  and  the  thermal  environment 
during  re-entry. 

The  severe  thermal  environment  requires  a  struc¬ 
ture  which  is  nonporous,  so  that  the  relatively  cool 
boundary  layer  is  not  bled  off  with  consequent  in¬ 
crease  in  heat  transfer  to  the  material.  In  addition, 
the  emissivity  of  the  metal  mesh  fabric  must  be  high, 
so  that  re-entry  heating  can  be  rejected  by  radiation 
as  efficiently  as  possible.  To  meet  this  combination 
of  environmental  factors,  it  has  been  found  necessary 
to  utilize  silicone  rubber,  glass  frit,  high  temperature 
paint,  or  other  coatings  on  the  wire  mesh  fabric. 

Temperature  resistance  of  the  experimental  fabrics 
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ha*  been  found  to  be  generally  good.  The  coated  ma¬ 
terial  retained  over  80  per  cent  of  ita  room-temperature 
tenaile  atrength  at  1000  F,  and  from  39  per  cent  to 
57  per  cent  at  1500  F.  Tests  of  foldability,  resist¬ 
ance  to  tearing,  porosity  at  high  temperatures,  therm¬ 
al  emisaivity,  and  resistance  to  space  environments 
indicate  a  favorable  prognosis  for  the  development 
of  this  type  of  material  for  apace  vehicle  decelerator 
applicationa.  (Ref  6-15) 

2.2.2  LIGHTWEIGHT  MATERIALS.  Problema  of 
excess  bulk  and  weight  in  parachute  systems  arise 
because  parachute  textile  specifications  for  webbings, 
tapes,  and  cords  are  so  written  that  materials  pro¬ 
duced  in  accordance  with  their  proviaiona  usually 
have  actual  breaking  strengths  considerably  in  ex¬ 


cess  of  the  minimum  specified  (Ref  6-16).  Since  the 
designer  has  no  choice  but  to  use  the  specification 
minimum  strength  as  hia  design  point,  the  result  is 
generally  an  over-designed  system  with  more  weight 
and  bulk  than  is  necessary  to  meet  minimum  require¬ 
ments.  This  can  cause  problems  in  decelerator  sys¬ 
tems  designed  to  fit  minimum-size  stowage  compart¬ 
ments  in  aircraft,  missiles,  weapons,  etc. 

To  help  alleviate  this  situation,  a  series  of  nylon 
webbings  have  been  designed  with  average  breaking 
strengths  close  to  the  specification  minimum.  These 
webbings,  with  minimum  weight  and  thickness  for  the 
specified  strength,  and  at  least  80  per  cent  seam  ef¬ 
ficiency,  allow  the  decelerator  system  designer  to 
choose  a  realistic  safety  factor,  and  at  the  same  time 


TABLE  6-2.  RADIATION  PROPERTIES  OF  PARACHUTE  CLOTH  (Ref  6-3) 


Normal  Incident  Solar 


Reflect¬ 

Transmis¬ 

ivity 

sivity 

Dacron  —  100  lb 

0.35 

0.60 

Dacroo  —  300  lb 

0.54 

0.35 

Dacron  -  600  lb 

0.61 

0.27 

Dacron  -  800  lb 

0.62 

0.19 

Nylon  Rip  — Stop 

1.1  oz/yd^  (orange) 

0.23 

0.64 

MIL -C-7020H  Type  1 

Nylon  Rip -Stop 

1.1  oz/yd^  (white) 

0.27 

0.65 

MIL -C -7020 

Nylon  Rip— Stop 

1.6  oz/yd^  (white) 

0.22 

0.72 

MIL-C-7020B  Type  III 

Nylon  Cloth  2.25oz/yd^ 
MIL -C-7350B  Type  1 

0.36 

0.59 

Nylon  Cloth  4.30  oz/yd^ 
MIL -C -8021  Type  1 

0.44 

0.48 

Nylon  Cloth  7.0  oz/yd^ 

MIL -C -8021  Type  II 

0.46 

0.41 

Nylon  Cloth  14.0  oz/yd^ 
MIL  -C  -8021  Type  III 

0.62 

0.27 

Normal  Incident  Black  Body 
Radiatioo  Radiation  350  F 


Absorp¬ 

Reflect¬ 

Transmis¬ 

Absorp¬ 

tivity 

ivity 

sivity 

tivity* 

0.05 

0.08 

0.17 

0.75 

0.11 

0.07 

0.14 

0.79 

0.12 

007 

0.07 

0.86 

0.19 

0.07 

0.03 

0.90 

0.13 

0.05 

0.19 

0.76 

0.08 

0.06 

0.21 

0.73 

0.06 

0.07 

0.21 

0.72 

0.05 

0.07 

0.05 

0.88 

0.08 

0.07 

0.06 

0.87 

0.13 

0.10 

0.05 

0.85 

0.11 

0.10 

0.04 

0.86 

*  Thin  value  is  equal  to  the  emissivity  of  the  material  at  350  F  when  the  monochromatic  absorptivity  is 
considered  to  be  independent  of  temperature. 
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achieve  (he  lowest  possible  weight  and  volume  in  liia  polyethylene  line,  braided  nylon  line,  and  braided 
system.  'Hiese  materials  huve  now  been  standardized  fine  and  coarse  filament  polypropylene  lines.  Kortisan- 

in  specification  form,  and  an-  currently  available  for  reinforced  polyethylene  tape  has  been  used  for  radial 

use  as  a  Military  Specification.  'Hie  characteristics  reinforcements. 

oi  each  of  the  si*  types  of  webbing  are  summarized  in  The  plastic  films  and  braids  perform  better  when 

'table  6-3.  the  canopies  are  fabricated  by  heat  sealing  or  cement- 

2.2.3  I /Of  COST  F.XI’FNOAW.K  MATKIMAI-S.  ing,  rather  than  by  sewing.  Sesm  efficiencies  close 

Materials  which  have  been  studied  for  application  to  to  100  per  cent  have  been  achieved  with  some  na- 

low-cost  expendable  aerial-delivery  parachutes  in-  terials  by  a  heat  seal  and  adhesive  process, 
elude  nylon  papers,  both  plain  and  acrim-reinforced.  Air  drops  of  experimental  aolid  flat  circular  and 

Dacron  paper,  polypropylene  film,  “Scotchpak.’'  film,  ring  slot  canopies  fabricated  of  the  above  materials 

reinforced  polyethylene  film,  and  printed  cotton  fab-  have  been  made  nncceanfnlly  with  loads  ranging  from 

rics.  Suspension-line  materials  used  include  braided  300  to  I f>00  pounds  (Ref  6-13  and  6-14). 


TA11I .K  6-3  WKWtING,  TKXTU.K,  fOVKN  NYI.ON,  FOR  DFCKLF.RATORS 
(RF.F  6-17)  Mll,-f -27657  (IJSAK) 


Type 

Weak  Strength, 
lb  (min)* 

ft  in 
oz/yd 
(max) 

Width 

in. 

Thickness 

in. 

1 

3000 

0.90 

3/4  t  1/16 

0.080  -  0.095 

II 

4000 

1.25 

1  *  1/16 

0.090-0.110 

ai 

6000 

1.65 

1  £  1/16 

0.100-0.120 

iv 

8700 

2.40 

1  23/32  i-  i/i6 

0.080  -  0.100 

V 

9000 

2.40 

1  ^  1/16 

0.175  -  0.195 

VI 

10000 

2.70 

1  3/4  t  1/16 

0.115-0.135 

*  The  minimum  breaking  strength  shall  be  the  average  of  five  breaking 
teats  made  on  each  sample. 
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SEC  3  TABULATION  OF  PARACHUTE  MATERIALS 


3.1  Webbings 

3.1.1  WEBBING,  TEXTILE! ,  WOVEN  NYi.ON;  MIL-W-4088D  (IJSAF), 

15  JAN  I960;  AMENDMENT  1,  27  MAY  I960 

WEBBING.  TEXTILE.  WOVEN  NYl-ON,  IMPREGNATED;  MII.-W- 
M1L-W-27265  (USAF).  1  JAN  I960;  AMENDMENT  1,  11  MAY  I960* 


Type 

Wt  in 
oi/yd 

Width 

Thickness 

Break 

Strength 

(max) 

in. 

in. 

lb  (min) 

I 

0.28 

9/16  1  1/32 

0.025  -  0.04 

500 

II 

0.42 

1  1  1/32 

0.025  -  0.04 

600 

III 

0.52 

1  1/4  ±  1/32 

0.025  -  0.04 

800 

IV 

1.20 

3  1  1/8 

0.025-0.04 

1800 

VI 

1.15 

1  23/321  1  '16 

0.030  -  0.050 

2500 

VII 

2.35 

1  23/321  1  '16 

0.060  -  0.10 

5500 

VM 

1.60 

1  23/321  1  16 

0.040  -  0.07 

3600 

IX 

4.00 

3  1  3/32 

0.065  -  0.10 

9000 

X 

3.70 

1  23/32  1  3/32 

0.110-0.14 

8700 

xn 

0.85 

1  23/32  1  1/16 

0.025-0.04 

1200 

XIII 

2.90 

1  23/32  1  1/32 

0.080  -  0.12 

6500 

XIV 

0.80 

1/2  1 1/32 

0.070-0.10 

1200 

XV 

1.25 

2  1  1/16 

0.035  -  0.05 

1500 

XVI 

2.00 

1  23/32  1  1/16 

0.045-0.080 

4500 

XVII 

1.15 

1  1  1/32 

0.045-0.07 

2500 

xvni 

2.05 

1  1  1/16 

0.100-0.16 

6000 

XIX 

4.10 

1  3/4  1  3/32 

0.105-0.13 

10,000 

XX 

3.25 

1  1  3/32 

0.19  -0.235 

9000 

XXI 

1.70 

1  1/4  1  1/16 

0.065-0.085 

3600 

XXII 

3.50 

1  23/32  1  3/32 

0.09  -0.12 

7300 

XXIII 

3.70 

1  1/8  1  1/32 

0.20  -0.30 

12,000 

XXIV 

2.25 

1  15/16 1  3/32 

0.055-0.075 

5500 

XXV 

1.50 

11  1/16 

0.090  -  0.125 

4500 

*  MIL— W— 27265  base  webbing*  are  woven  to  MIL— W— 4088D  epee  ill  cation*. 
Impregnated  Webbing  Cla**e*;  R  •  Reein  Impregnated 

L  -  Latex  Impregnated 

Additional  toieraacea  for  impregnated  webbing*:  +  10%  in  weight 

— 12%  in  thickne** 

Type*  V  and  XI  deleted 

Color*:  White,  olive  drab,  peea,  yellow,  gray 

U*e:  Parachute*  and  acceaaorie* 
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3.1.2  WEBBING,  TEX'llLE,  NYLON.  TUBULAR; 
MI L-W -00562 Sf,-  (IJSAF),  12  AUG  1958 


ft  in 

Width  Thickness  Break 

oz./yd 

in. 

in. 

Strength 

(max) 

L  1/16 

(max) 

lb  (min) 

0.50 

1/2 

0.090 

1000 

0.60 

9/16 

0,090 

1500 

0.70 

5/8 

0,090 

1850 

0,9.5 

3/4 

0.095 

2300 

1.30 

1 

0.120 

3500 

Color: 

Natural;  for  dyed  webbing  n  10 'I  increuae  in 

maximum  weight  is  permitted. 

Identification:  1/2,  3/4  and  1' 

'—black  varn  center 

one  side;  9/16”  -black  yarn  center  both  sides;  5/8”  — 

2  black 

separated  by  3  white  y 

arm*. 

Use:  Parachute  construction 

3.1.3 

WEBBING 

,  TEXTILE,  COTTON  WARP;  MIL-W-5665D,  6  DEC  1956; 

AMENDMENT  2,  4  FEB  1959 

Wt  in 

Break 

Type 

oz/yd 

Width 

Thickness 

Strength* 

(max) 

in. 

in. 

lb  (min) 

I 

0.40 

9/16  i  1/16 

0.040-0.050 

350 

II 

0.75 

1  t  1/16 

0.040  -  0.050 

575 

IK 

0.90 

1  1/4  i  1/16 

0.040-0.050 

750 

IV 

4.30 

3  t  1/8 

0.050  -  0.100 

1900 

V 

4.30 

5  1  1/8 

0.050  -  0.100 

3100 

VI 

2.10 

1  3/4  t  1/16 

0.070  -  0.090 

1800 

VII 

3.00 

1  3/4  t  1,16 

0.140-0.170 

2600 

VIII 

3.00 

1  3/4  i  1  16 

0.075  -  0.095 

2900 

IX 

4.65 

3  t  1/8 

0.090  -  0.115 

4500 

X 

3.50 

1  3/4  t  1  16 

0.130-0.150 

5000 

XII 

1.25 

1  3/4  t  1/16 

0.040  -  0.050 

1000 

xnr 

3.40 

1  3/4  t  1/16 

0.100-0.130 

3400 

XIV 

4.95 

3  t  1/8 

0.090-0.120 

5200 

XV 

3.50 

1  3/4  t  1/16 

0.130-0.150 

4500 

XVI 

2,60 

1  3/4  ±  1/16 

0.095  -  0.115 

2700 

XVII 

1.25 

l  ±  1/16 

0.075  -  0.095 

1000 

XVIII 

1.40 

2  1  2  t  1  16 

0.050-0.060 

1250 

*  Breaking  strength  of  full-width  webbing  except  for  Type  V;  Type  XI  deleted. 
Furnished  in  following  classes: 

Glass  1A—  Undyed  &  not  fungus-proofed;  Class  IB  — Dyed  &  fungus-proofed; 
Class  2A  —  Dyed  &  not  fungun-proofed;  Class  2B  —  Dyed  &  fungus-proofed; 
Class  3 -Resin-dyed  &  fungus-proofed  during  dyeing. 

Identification: 

Type  VII—  2  black  threads  at  selvage;  Type  VIII  — 2  black  threads  in  center; 
Type  XV  — 2  red  threads  at  selvage;  Type  XVI -2  yellow  threads  in  center. 
Color:  Olive  drab  Use:  Parachute  harness  and  packs 
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3.1.4  WFDIUNG,  TEXTILE,  NYI.ON,  MULTIPLE 
TUBULAR;  MI1.-W-.%66A.  25  JUNK  1959 


Wt  in 

Width 

Break 

Ultimate 

oz-  yd 

Thickness 

Strength 

Ktong. 

(max) 

in. 

in. 

lb  (min) 

(min) 

0.40 

1  5/6 

0.020  to 

500 

20 

t  1/16 

0.025 

Color: 

Green 

Use: 

Parachute  pac 

ks 

3.1.6  WEBBING,  TKXTII.K,  NYIjON,  LOCKING 
I jOOJ*;  MII.-W-9049B  (ASG),  22  MAR  1961 


Wt  in 
oz /yd 
(max) 

Width 

in. 

Break 
Strength 
lb  (min) 

Klong. 

%(min) 

Length 
of  Loop 
in. 

Loop 
Strength* 
lb  (min) 

0.22 

1/4 

400 

20 

1/4 

185 

t  1/16  t  1/16 

*  No  break  below  minimum  specified. 

Webbing  in  rut  lengths: 

CIuss  1-2  5/8  to  2  7/8 
Class  2-3  5/8  to  3  7/8 
Class  3-5  7/8  to  6  1/8 
Color:  Natural 

Use:  Locking  &  reinforcing  parachute  packs 


3.1.5  WF.BBING,  TKXTII.K.  NYLON.  IIKAVY 
DUTY:  M1L-W-5787C,  4  APR  1957 


Type 

Wt  in 
oz/yd 
(max) 

Width 

t  1/16  in. 

Thickness 
in.  (max) 

I 

9 

1  3/4 

0.375 

II 

18 

3  1/8 

0.480 

Use: 

Cargo  parachute  harness 

Color:  Nutural 


Break 
Strength 
lb  (min ) 

20,000 

40,000 


3.1.7  WKBBING,  TEXTILE,  POLYESTER*; 
MIL-W-25339A  (ASG),  8  FEB  1961 


Wt  in 

Break 

rpe 

oz/yd 

(max) 

Width 

in. 

'niickness 

in. 

Strength** 
lb  (min) 

I 

1.30 

1  23/32 
i  )/16 

0.040  to 
0.050 

1800 

II 

1.80 

1  ±  1/32 

0.110  to 
0.140 

3000 

III 

3.75 

1  23/32 
i  1/16 

0.125  to 
0.145 

8700 

IV 

4.35 

2—  1/16 

0.110  to 
0.130 

9700 

*  Dacron 

**  No  break  below  minimum  specified 

Identification:  Type  I  —  2  red  threads  in  center  of 
warp.  Type  III  —  2  green  threads  in  center  of  warp 
Color:  Natural 

Use:  Parachutes  for  high  temperature  resistance 
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3.1  .fl 


WKBBING,  TKXTILK.  DACRON.  I-OW  KIjONGATION;  MIL-W-25361  (IJSAK),  28  MAR  1956; 
AMKNUMKNT  3,  26  JUNK  1959 


lype 

Wt  in 
ox/yd 
(max) 

Width 

in. 

Thickness 

in. 

Break 
■Strength 
lb  (min) 

Klungntiun  %  (max)  at 
2500  3000  90%  of 

lb  lb  Break 

1 

1.65 

1  23/32  i-  1/16 

0.040  -  0.065 

3600 

IB 

..... 

1! 

2.10 

1  23/32  i  1/16 

0.060  -  0.080 

6000 

_ 

13 

17.5 

Ill 

2.50 

1  23/32  i  1/16 

0.075-0.090 

7000 

— 

12 

17.5 

IV 

3.50 

3  t  1/8 

0.065  -  0.085 

8700 

— 

12 

18.5 

Color:  Natural 

Use:  Safety  belts,  harnesses 


3.1.9  WKBBING.  TKXTILK,  IOVKN  NYI.ON.  IMPRKGNATKD;  MIL-W-27265  (IISAF),  15  JAN  I960, 
AMRSDMKNT  1.  11  MAY  I960. 


Types  and  physical  characteristics  identical  with  MIL-W— 4088D  (see  3.1.1  above). 


12  Tapes 

3.2.1  TAPK  AND  WKBBING.  TKXTILK,  RHNKORCINC,  NYIjON; 
MII.-T— 5038C,  6  JAN  i960 


Wt  in 

Width 

Thickness 

Break 

Ultimate 

Type 

ox/yd 

in. 

Strength 

Klongation 

(max) 

(i  1/32) 

in. 

lb  (min) 

%  (min) 

II 

0.40 

1 

0.025-0.035 

900 

18 

Tape 

0.60 

1  1/2 

0.025  -  0.035 

1300 

18 

0.80 

2 

0.025  -  0.035 

1700 

18 

m 

0.12 

3/8 

0.015-0.025 

200 

18 

Tape 

0.15 

1/2 

0.015-0.025 

250 

18 

0.20 

3/4 

0.015-0.025 

400 

18 

0.30 

1 

0.015-0.025 

525 

18 

0.40 

1  1/2 

0.015-0.025 

900 

18 

IV 

0.35 

1/2 

0.030  -  0.040 

550 

18 

Web- 

0.40 

5/8 

0.030  -  0.040 

625 

18 

bing 

0.50 

1 

0.030-0.040 

1000 

18 

0.60 

1  1/8 

0.030  -  0.040 

1100 

18 

0.75 

1  1/2 

0.040-0.040 

1500 

18 

V 

0.20 

9/16 

0.020  -  0.030 

500 

18 

Tape 

VI 

0.020 

3/4 

0.020-0.030 

425 

18 

Tape 


Color:  Types  0,  in,  IV  and  V  -  Natural 
Type  I  deleted 

Use:  Binding  and  reinforcing  parachute  packs 
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3.2.2 


TAPK,  TEXTILE.  NYIjON,  PARACHUTE  CANOPY;  MIL-T-5608E  (ASG),  8  JAN  1958; 
AMENDMENT  2.  9  JUNE  1959 


(min) 

Break 

Claaa 

Type 

No.  of 

Width 

Strength 

Elongatic 

yd/lb 

in. 

lb  (mia) 

%  vmini 

A 

1 

1,300 

0.250  1  0.0156 

13 

18 

II 

875 

0.375  1  0.0156 

18 

18 

III 

440 

0.625  1  0.0312 

43 

18 

IV 

260 

1.250  1  0.0625 

65 

18 

V 

165 

2.000  1  0.0625 

% 

18 

H 

I 

970 

0.250  1  0.0156 

22 

18 

D 

650 

0.375  1  0.0156 

33 

18 

in 

360 

0.625  1  0.0312 

70 

18 

IV 

210 

1.250  1  0.0625 

120 

18 

V 

120 

2.000  1  0.0625 

200 

18 

VI 

SO 

5.000  1  0.1875 

100* 

18 

C 

1 

770 

0.250  1  0.0156 

39 

22 

n 

520 

0.375  1  0.0156 

58 

22 

in 

335 

0.625  1  0.0312 

90 

22 

IV 

160 

1.250  10.0625 

185 

22 

V 

100 

2.000  1  0.0625 

300 

22 

D 

i 

80 

1.250  1  0.0625 

280 

18 

ii 

45 

2.000  1  0.0625 

460 

18 

E 

i 

50 

1.250  1  0.0625 

650 

18 

it 

30 

2.000  1  0.0625 

1000 

18 

Hi 

22 

2.000  1  0.0625 

1500 

— 

IV 

17 

2.000  1  0.0625 

2000 

— 

V 

13 

2.000  1  0.0625 

3000 

— 

VI 

11 

2.000  1  0.0625 

4000 

- 

*  lb/ia.  ■ 

of  width 

**  Applicable  to  dyed  aad  undyed  ribbon 
Clma:  A  —  Extra  light  weight 
H  —  Light  weight 
C  —  Median  weight 
D— Heavy  weight 
E  —  Extra  heavy  weight 
Color:  Nataral 

Claaa  B  Type  VI  — 

Orange 

Claaa  C  Type  V  — 

Yellow 

Uae;  Fabrication  of  ribbon  paradiatea 


Air 

Peimea- 
abilitv** 
cfm/ft * 


1501  30 


150130 
1501  30 


1501  30 
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3,2.3  TAPE  AND  WEBBING.  TEXTH-K.  CO'ITON, 
REINFORCING,  WOVEN;  MIL-T-566IU. 

22  MAY  1956 


'ype 

Wt  in 
ox/yd 
(max) 

Width 
in.  ±-  l  32 

Weave 

Strength 
lb  (min 

1 

Oil 

1  4 

Plain 

80 

0.15 

3  3 

120 

0.22 

1  2 

150 

0.28 

5  8 

170 

0.33 

3  4 

200 

0.47 

1 

250 

II 

0.15 

1  2 

Double 

no 

0.22 

3  4 

Herring¬ 

165 

0.29 

1 

bone 

220 

0.36 

1  1  4 

275 

0.43 

1  1/2 

330 

0.50 

1  3  4 

375 

0.57 

2 

425 

III 

0.10 

l  2 

Twill 

45 

0.12 

5  8 

55 

0.14 

3  4 

75 

IV 

0.30 

3  4 

Double 

115 

0.40 

1 

150 

0.45 

1  18 

165 

1.20 

1  14 

590 

0.60 

1  1/2 

215 

V 

0.65 

1 

Plain 

350 

1.30 

2 

(Tran  a- 

650 

verae 

cord) 

*  Full  Width 

Color:  Unbleached  (natural) 

Use:  Type  1  —Reinforcing  tape  on  fabric;  Type  Q, 
Ilf,  IV,  V  — binding  and  reinforcing  parachute 
packs. 

3.2.4  TAPE,  TEXTILE  (PARACHUTE  CON¬ 
STRUCTION);  MIL-T-5663A,  12  NOV  1952; 
AMENDMENT  1,  26  JAN  1953 


3.2.5  TAPE.  TEXTILE,  NYLON.  PARACHUTE 
CONSTRUCTION;  MIL-T-6134B,  20 
APR  I960 


Wt  in 
oz/yd 
(max) 

Width 
in.  —  1/16 

Thickness 

in. 

Break 

Strength 

lb 

Elong. 
%  (min) 

0,40 

1 

0.025  to 
0.045 

525 

16 

0.145 

1 

0,010  to 
0.030 

300 

14 

Color:  Natural 

Use:  Type  f  -Skirt  bands 

Type  II  —  Reinforcing  bands 


3.2.6  TAPE  AND  WEBBING,  TEXTILE,  WOVEN, 
NYLON;  MIL-T-8363A,  14  APR  1958; 
AMENDMENT  1.  17  MAY  1960 

Break 


Type 

Wt  in 

Width 

Thickness 

Strength 

oz/yd 

in. 

in. 

lb  (min) 

I 

0.08 

5/16 

0.030  to 

350 

(min) 

t 1/32 

0.040 

II 

0.09 

7/16 

0.020  to 

290 

(min) 

i  1 ,32 

0.030 

in 

0.50 

3/4 

0.050  to 

400 

(max) 

t  1/16 

0.060 

IV 

1.05 

3/4 

0.070  to 

2600 

(max) 

t  1/16 

0.085 

V 

0.70 

25/32 

0.050  u> 

1000 

(mux) 

t  2,32 

0.060 

Type  I  and  II  — Tape 
Type  III,  IV  and  V -Webbing 
Color:  Green 


No.  of  Width 

yd/lb  "• 

min  max  min  max 


Thickness  Strength  Elong. 
in.  Ib  (min)  %  (min) 

min  max 


110  130  15/16  1-1/16  0.010  0,030  300  14 


Color:  Natural 

Use:  Reinforcing  bands 
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3.3  Cord* 

3.3.1  CORD.  RAYON,  WITHOUT  CORE.HRAIDED: 
M1L-C-4232A  (IISAF),  29  Jlll.Y  1954 


ype 

No.  of 
yd/lb 
(min) 

Break 
Strength 
lb  (min) 

Elongation 
%  (min) 

I 

42 

400 

14 

!l 

20 

1000 

12 

III 

13 

1500 

— 

Color:  Natural,  orange,  or  as  specified 
Use:  Cargo  parachute  suspension  lines 


3.3.2  CORD,  NYLON;  MIL-C-S040B  (ASG), 
6  FEB  1958 


No.  of 

Break 

Elongation 
%  (min) 

Type 

yd/lb 

(min) 

Strength 
lb  (min) 

1 

350 

100 

30 

IA 

350 

100 

30 

II 

105 

375 

30 

111 

75 

550 

30 

IV 

55 

750 

30 

Type 

II— One  black 

yarn 

Age: 

Max,  2  years  from  manufacture  to  delivery 

Color 

:  Natural,  or  < 

olive  drab 

Use: 

Parachute  suspension  lines 

3.3.3  CORD,  NYLON.  CORK  LESS;  MIL-C-7515R 
(I1SAF),  1  MAY  1959;  AMENDMENT  1, 

29  JUNK  1960 


Type 

No.  of 
yd/ lb 
(min) 

Break 
Strength 
lb  (inin) 

Elongation 
%  (min) 

1 

110 

400 

20 

II 

85 

550 

20 

III 

50 

750 

20 

IV 

40 

1000 

.... 

V 

25 

1500 

— 

VI 

20 

2000 

_ _ 

VII 

15 

2400 

— 

VIII 

12 

3000 

— 

IX 

9 

4000 

— 

X 

7.5 

5000 

— 

XI 

160 

300 

20 

XII 

4.0 

10000 

— 

Xlla 

4.0 

10000 

— 

Color: 

Olive  drab  (except  XI  — natural 

white). 

and  black 

Use: 

Personnel  and  cargo  parachutes 

3.4  Thmdi 

3.4.1  THREAD.  COTTON,  HIGH-TENACITY; 

MIL— T— 5660A  (ASG),  20  NOV  1953; 
AMENDMENT  1,  12  NOV  195-1 

Break 

No.  of 

Style 

Size 

Strength 
lb  (min) 

yd/lb 

(min) 

Type  I 

Type  II  Type  I  Type  II 

A 

3 

15.0 

16.0 

1850  1775 

4 

20.0 

21.0 

1250  1200 

5 

30.0 

31.0 

900  860 

6 

36.0 

37.0 

750  720 

7 

40.0 

41.0 

650  625 

8 

44.0 

45.0 

550  525 

9 

51.0 

57.0 

530  500 

10 

58.0 

62.0 

500  480 

B  25  12  2400 

30  10  2800 

35  8  1/2  3300 

40  7  1/2  3800 

50  6  4750 

(See  notes  on  next  page) 
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(Nolen  for  3.4.1) 


Type  I  —  soft  finiah 
Type  II  — polished  finished 
Twiet:  Left-hand  or  “Z”  twist 
Style:  A  — lockstitch  twist  thread 
R  —  Stitching  thread 
Color:  As  specified 
Use:  Parachute  harness 

3.4.2  THREAD,  NYIX1N;  MIL-T-7807B, 

4  DEC  1958;  AMENDMENT  1. 11  SEP  1959 


Thread/ 

No.  of 

Rreak 

Elongation 

Cord 

yd/lb 

Strong  lb 

at  Rreak  %  (us: 

Sine 

(min) 

lb  (min) 

Class 

1  Class 

0000 

45,200 

0.85 

22 

33 

000 

29,500 

1.30 

22 

33 

00 

25,800 

1.85 

22 

33 

A 

16.900 

2.75 

22 

33 

R 

8,200 

5.50 

22 

33 

E 

5,600 

8.50 

22 

33 

F 

3,750 

11.00 

22 

33 

FF-1 

3,500 

14.00 

22 

33 

FF 

2,725 

16.00 

22 

33 

FFF 

2,900 

17.00 

22 

40 

No.  3 

1,800 

24.0 

22 

40 

No.  4 

1,300 

32.0 

22 

40 

No.  5 

1,000 

40.0 

22 

40 

No.  6 

850 

50.0 

22 

40 

No.  7 

725 

60.0 

22 

40 

No.  8 

625 

68.0 

22 

40 

No.  9 

550 

80.0 

22 

40 

No.  10 

450 

90.0 

22 

40 

0000 

40,000 

0.85 

22 

S3 

000 

26,000 

1.30 

22 

S3 

00 

23,000 

1.85 

22 

33 

A 

15,000 

2.75 

22 

S3 

B 

7,375 

5.50 

22 

33 

E 

5,000 

8.50 

22 

S3 

F 

3,350 

11.00 

22 

33 

FF-1 

3,150 

14.00 

22 

S3 

FF 

2,450 

16.00 

22 

33 

No.  3 

1,600 

24.0 

22 

40 

No.  4 

1,200 

32.0 

22 

40 

No.  5 

950 

40.0 

22 

40 

No.  6 

775 

50.0 

22 

40 

No.  7 

650 

60.0 

22 

40 

No.  8 

575 

68.0 

22 

40 

No.  9 

500 

80.0 

22 

40 

No.  10 

450 

90.0 

22 

40 

Thread/ 

No.  of 

Rreak 

Elongation 

Type 

Cord 

yd/ lb 

Strength 

at  Rreak  X(men) 

Site 

Gaia) 

lb  (mia) 

Class  1  Class  2 

III 

0000 

49,000 

0.85 

40 

000 

34,400 

1.30 

40 

00 

23,900 

1.85 

40 

A 

16,350 

2.75 

40 

AA 

13,300 

3.40 

40 

R 

8,000 

5.50 

40 

E 

5,200 

8.50 

40 

F 

3,850 

11.00 

40 

FF-1 

3,500 

14.00 

40 

FF 

2,500 

16.00 

40 

No.  3 

1,700 

24.0 

40 

No.  4 

1,300 

32.0 

40 

No.  5 

1,000 

40.0 

40 

No.  6 

850 

50.0 

40 

No.  7 

725 

60.0 

40 

No.  8 

625 

68.0 

40 

No.  9 

600 

80.0 

40 

No.  10 

510 

90.0 

40 

IV 

A 

13,000 

3.50 

40 

C 

8,900 

5.75 

40 

E 

4,300 

11.00 

V 

6 

2,320 

20.00 

40 

8 

2.920 

16.00 

(man) 

10 

3,310 

14.00 

12 

4,180 

11.20 

Type  I -Machine  twist 
Type  II -Twisted  beaded  malticoid 
Type  III  —  Hoed  ad  am  eo  cord  (eot  for  eee  ie  flight 
safety  eqaipamat) 

Type  IV -Waned  bead  aewieg  twist  (eot  for  see  ia 
flight  safety  eqaipmeat) 

Type  V  -  Bettoabole  twist  (sot  for  see  is  flight 
safety  oqaipamst) 

Color:  Coafona  to  a  tan  deed 
Use:  Sewieg  aylos  materials 
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THREAD,  POLYESTER*; 

M1L-T- 

40040A, 

letter/ 

No.  of 

Break 

Kloa- 

31  MAR  19<S0;  AMENDMENT  1.  28  SEPT  I960 

Class  Number 

Final 

yd/lb 

Strength 

gation 

Si  ze 

Ply 

(min) 

lb  (min) 

%  (max) 

1  .etter/ 

.I 

No.  of 

Break 

Elon- 

3 

3 

1,620 

24 

15 

Number 

r  loal 

yd/lb 

Strength 

gation 

4 

3 

1,230 

32 

15 

Site 

lly 

(min) 

lb  (min) 

%(max) 

5 

3 

1,010 

40 

15 

00 

2 

26,500 

1.4 

25 

6 

3 

810 

48 

15 

A 

3 

17,600 

2.0 

25 

7 

3 

700 

54 

15 

AA 

2 

13,200 

3.0 

25 

8 

3 

630 

60 

15 

1) 

3 

8,500 

4.3 

25 

n 

2 

8,500 

4.3 

25 

8 

5 

630 

60 

15 

9 

3 

590 

65 

15 

SH  2/ 

2 

9,000 

6.0 

20 

10 

6 

550 

70 

15 

E 

3 

5,700 

8.0 

20 

F 

4 

4,200 

10.6 

20 

3  00 

2 

21,200 

1.25 

15 

FF 

3 

2,600 

16.0 

20 

(min) 

3 

3 

1,800 

24 

15 

A 

3 

13,650 

1.90 

35 

B 

3 

7,000 

3.80 

4 

3 

1,370 

32 

15 

F, 

3 

4,550 

6.80 

5 

3 

1,120 

40 

15 

F 

3 

3,500 

7.60 

6 

3 

900 

48 

15 

7 

3 

780 

54 

15 

3 

U 

1,450 

20.40 

15 

8 

3 

680 

60 

15 

(min) 

4 

3 

910 

27.25 

35 

8 

5 

680 

60 

15 

5 

3 

700 

34.00 

9 

3 

660 

65 

15 

6 

3 

600 

41.00 

10 

3 

590 

70 

15 

7 

3 

515 

47.70 

10 

6 

590 

70 

15 

00 

2 

23,800 

1.5 

25 

*  Dacron 

A 

3 

15,800 

2.3 

25 

r  im*h: 

AA 

2 

11,900 

3.0 

25 

Claes  1  -  Soft  Finish 

B 

3 

7,600 

4.5 

25 

Class  2 -Bonded  Finish 

u 

9 

7  rum 

A  H 

or 

Class  3  — Heat  Stable  — 

Soft  fimtM 

n 

*«) 

Color:  Conform  to  shade  standard 

K 

3 

5,100 

8.0 

25 

Use:  Class  1 

sad  2 -Machine  sewiag  of  clothing. 

F 

4 

3,800 

10.0 

25 

tentage. 

equipage. 

etc. 

FF 

3 

2,300 

16.0 

25 

Class  3 

-  Parachutes 

3.5  Clvtlis  (Canopy) 

3.5.1  CLOTH,  COTTON,  MUSLIN;  MIL-C-4279A  (USAF),  21  JULY  1953 


Type 

Wt  in„ 

,  ,2 

Width 

Break, 

Strength  (min) 

Ib/in.  Tear,  lb 

Air  Perme¬ 
ability 

Seam 

EH  % 

ox/yd 

in. 

Warp 

Fill 

Warp  Fill 

cfm/ft2 

(min) 

1 

5.0 -6.0 

37 

50 

55 

6  3 

125  t  35 

— 

II 

3.7 -4.6 

37 

48 

42 

4  2  1/2 

200  1  30 

90 

Weave:  Plain 
Uae:  Cargo  Caaopiee 
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3.5.2  CLOTH,  NYLON,  PARACIHJTK;  MIL-C-7020D,  19  SEPT  I960 


ft  in 

'fliickneaa 

Strength,  lb  (min) 

Elongation 

(both 

Air  Perme¬ 

Type 

oa/yd 

in. 

Break  (H 

lavel  Strip) 

Tear  (Tongue 

direc  tiona) 

ability 

Weave 

(max) 

(max) 

Warp 

Fill 

Warp 

Fill 

%  (min) 

cfm  ft2 

I 

1.1 

0.0032 

42 

42 

5 

5 

20 

100  120 

Ripatop 

II 

1.6 

0.0042 

50 

50 

4 

4 

20 

130  130 

Twill 

III 

1.6 

0.0042 

50 

50 

4 

4 

20 

130  1  30 

Ripatop 

Color:  Natural,  white,  olive  gyeen,  orange,  aand 

Width:  36.5  t  0.5  in. 

Uae:  Canopiea 

3.5.3  CLOTH.  NYLON,  PARACHUTE,  CARGO;  MIL-C-7350C  (ASG),  10  OCT  1957;  AMENDMENT  1, 
AUG  1958 


Type 

Wt  in 
o«/yd2 

Thickneaa 

in. 

Break 

Strength  (min) 

;,  lb/in.  Tear,  lb 

Ultimate 
Elongation 
%  (min) 

Air 

Permeability 

cfm/ft 

(max) 

(max) 

Warp 

Fill 

Warp 

Fill 

Warp  Fill 

Warp 

Fill 

I 

2.25 

0.0060 

90 

90 

10 

10 

25 

25 

100 

150 

II 

3.50 

0.014 

135 

125 

30 

30 

25 

25 

150 

200 

Bolt  Width:  36  1/2  1  1/2  in. 
Color:  Natural 

Uaa:  Cargo  Parachute  Canopiea 


3.5.4  CLOTH,  RAYON.  PARACHUTE  (NONPERSONNEL);  MIL-C-8006A  (ASG),  20  SEPT  1955 


Wt  in 

Strength  (min) 

Air 

Type 

oa/yd2 

(max) 

Break, 

Warp 

Ib/in. 

Fill 

Tear,  lb 

Warp  Fill 

Elongation 
%  (min) 

Permeability 

cfm/ft 

1 

n 

4.25 

85 

80 

10 

10 

15 

150  t  30 

in 

4.50 

80 

80 

10 

10 

15 

150  ±  30 

Claaa  1 

8 

145 

135 

30 

30 

18 

180  ±  40 

Claaa  2 

4.50 

75 

70 

10 

10 

15 

150  ±  30 

Claaa  3 

1.50 

25 

25 

2 

2 

18 

200  ±40 

Color:  Aa  opacified 
Type  I  — High  tenacity 
Type  I! -Semi-high  tenancity 
Type  III  — Regular  tenacity 
Uae:  Type  I,  II.  in 

Claaa  1  and  2— Aerial  delivery  parachutea 
Type  ID 

Claaa  2  —  Parachutea  for  radio  equipment 
Not  for  peraomel  parachute 
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3.5.5  CLOTH.  NYLON,  PARACHUTE.  DRAG;  MIL-C-8021R  (ASO),  6  FEB  1958;  AMENDMENT  1. 


17  APR  1959 


Type 

Wt  in 
oz/yd2 

Thickness 

Strength  (min) 

Break,  Ib/in,  Tear,  lbs 

(Havel  Strip)  (  Tongue) 

Elongation 
%  (min) 

Air  Perme¬ 
ability 
cfm/ft 

(max) 

in.  Imtn) 

Warp 

Fill 

Warp 

Fill 

Wnrp 

Fill 

U/2”  H20) 

1 

4,75 

0.020 

200 

200 

15 

15 

25 

25 

50-90 

11 

7.00 

0.024 

300 

300 

20 

20 

25 

25 

50-90 

lla 

10.5 

0.025 

500 

500 

75 

75 

35 

35 

50-90 

III 

14.00 

0.035 

600 

600 

75 

75 

25 

25 

15-55 

Air  permeability  (AF) 
cfm/ft2  ,  20”  ||20: 

Type  1-450  -  650 
Type  11-450  -  650 
Type  Ha— 650-750 
Type  HI  -250  -  450 
Width:  36  1/2  t  1/2  in. 

Color:  Natural  white  Uae:  Drag,  brake  and  cargo  parachute* 


3  5.6  CLOTH,  DACRON,  DRAG  PARACHUTE;  M1L-C-25174  (USAF),  29  JUNE  1956 


Type 

Wtin 

oz/yd2 

(mu) 

Break 

(Rave 

,  lb/in. 

1  Strip) 

Tear,  lb 
(Tongue) 

Elongation 
%  (min) 

Air 

Permea- 

bUity 

Shrinkage 
%  (max) 

Warp 

Fill 

Warp 

Fill 

Warp 

Fill 

cfm/ft2 

Warp 

Fill 

1 

1.80 

45 

45 

5 

5 

20 

20 

100-160 

2.0 

2.0 

II 

2.90 

100 

100 

7.5 

7.5 

20 

20 

100-160 

2.0 

2.0 

III 

3.00 

85 

85 

10 

10 

20 

20 

100-160 

2.0 

2.0 

IV 

3.90 

135 

135 

15 

15 

25 

25 

140-190 

2.0 

2.0 

Weave:  Type  1-2  up,  1  down,  right  hand  twill;  others  plain 

Aging:  Break  not  lean  than  95%  of  original.  Tearing  not  leas  than  table  values.  Permeability  not  more  than 
15%  of  unaged 

Color:  Natural  Width:  36  1/2  —  1/2  in.  Use:  Drag  parachutes 


3.5.7  CLOTH,  DACRON,  PARACHUTE;  MIL-C-25312  (USAF),  19  SEPT  1956 


Wt  in 

Width 

Thickness 

oz/yd2 

in. 

in. 

(max) 

±  1/2 

(max) 

5.0 

36  1/2 

0.015 

Strength  (min) 


Break,  Ib/in. 

Tear,  lb 

(Ravel  Strip) 

(Tongue) 

Warp 

Fill 

Warp 

Fill 

190 

190 

14 

14 

Elongation 
%  (min) 

Warp  Fill 
30  30 


Air 

Perme¬ 

ability 

cfm/ft 

50-80 


Weave:  2  — up,  2  — down  right-hand  twill 

Aging:  Break  not  leas  than  95%  of  original.  Tear  not  less  than  table  values.  Permeability  not  more 
than  15%  of  unaged 
Color:  Natural  Use:  Canopies 
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3.6  Clstiis  (Porachutu  Pock) 


3.6,1  CIX)TH,  COTrON,  DUCK.  UNBLEACHED,  PLIED  YARNS 
(ARMY  *  NUMBERED);  CCC-C-419,  30  JULY  1956; 
AMENDMENT  1.  4  APRIL  195? 


Type 


I 


m 


Texture 


Hard 


Medium 


Number/ 

Wt  in 

Dreak 

Air 

Comm  I 
Deaig- 
nation 

ox/yd^ 

(min) 

Strength 

lb  (min) 

Permeability 
cftn/ft  (max) 

Warp 

Fill 

12/0 

48.00 

800 

430 

8/0 

40.00 

800 

665 

2/0 

31.90 

465 

435 

_ 

1/0 

30.31 

450 

405 

_ 

1 

28.71 

440 

370 

2 

2 

27.12 

420 

345 

3 

25.53 

390 

330 

2 

4 

23.93 

375 

300 

2 

5 

22.33 

345 

285 

— 

6 

20.74 

335 

250 

2 

8 

17.55 

285 

210 

2 

10 

14.35 

245 

160 

4 

11 

12.75 

240 

140 

_ 

12 

11.16 

195 

120 

4 

1 

28.71 

425 

345 

2 

27.12 

410 

320 

_ 

3 

25.53 

370 

315 

4 

23.93 

350 

290 

_ 

5 

22.33 

315 

285 

_ 

6 

20.74 

305 

250 

8.25 

125 

120 

— 

9.85 

160 

110 

.. 

12.29 

210 

130 

4 

14.77 

235 

175 

_ 

15.90 

245 

200 

18.48 

315 

200 

— 

Type  I— Numbered  Duck  Type  III —  Army  Duck 


3.6.2  CLOTH,  NYLON,  DUCK,  PLIED  YARNS,  FOR  PARACHUTE  PACKS; 
MIL-C-7219B,  19  MAR  1958;  AMENDMENT  1,  H  APRIL  I960 


Type 


I 

II* 

in 


(mux) 


9.50 

8.75 

7.25 


Strength  (min) 


Break, 

Ib/in. 

Tear, 

,  lb 

(Ravel 

Strip) 

(Toagne) 

Warp 

Fill 

Warp 

Fill 

400 

300 

35 

45 

400 

150 

35 

20 

325 

275 

20 

20 

Air 

Perme¬ 

ability 

cfen/ft2 

(max) 

Shrinkage 
%  (max) 

Warp  Fill 

5.0 

2.5  2.0 

5.0 

2.5  2.0 

8.0 

2.0  2.0 

*  Not  upplicuble  for  Air  Force  procurement 
Color;  Type  DI  — Suge  Green  Uee:  Parachute  packn 
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CHAPTER  7 


DESIGN  OF  DEPLOYABLE  AERODYNAMIC  DECELERATORS 
AND  DEPLOYABLE  AERODYNAMIC  DECELERATOR  SYSTEMS 


Operational  requirements  for  deployable  aerodynamic  decelerator  systems  are  continually  expanding, 
necessitating  a  concurrent  advancement  of  the  state-of-the-art  in  decelemtor  design.  New  and  complex 
deployable  aerodynamic  decelerator  performance  parameters  are  encountered  with  almost  every  new 
application.  It  is  the  task  of  the  designer,  utilizing  both  proven  and  theoretical  design  criteria,  to 
provide  a  design  which  appears  analytically  to  have  the  best  chance  of  attaining  the  necessary  perfor¬ 
mance  requirements.  However,  deployable  aerodynamic  decelerator  perfoimance  parameters  are  subject 
to  conditions  of  application  which,  in  the  end,  may  be  so  diverse  that  the  determination  of  the  success 
with  which  the  design  is  carried  out  usually  becomes  a  matter  for  statistical  evaluation  over  a  consider¬ 
able  period  of  time.  Thus,  after  an  aerodynamic  decelerator  design  has  been  completed  and  the  drag 
device  and  associated  components  manufactured,  teats  should  be  conducted  to  verify  their  performance 
and  design  characteristics.  This  chapter  presents  the  moat  important  design  criteria  for  textile  para¬ 
chutes,  together  with  u  variety  of  design  details  applicable  to  their  fabrication. 


SEC.  1  OPERATIONAL  CONSIDERATIONS 

For  each  parachute  application,  performance  re¬ 
quirements  of  the  parachute-load  system  must  be  de¬ 
fined  quantitatively  in  terms  of  maxima  and  minima. 

Generally,  the  knowledge  of  (1)  Gross  load  range, 
(2)  Deployment  speed  range,  and  (3)  Deployment  altitude 
range  will  be  necessary  to  determine  the  strength 
characteristics  required  of  the  parachute.  Reliable 
performance  of  the  aerodynamic  decelerator  may  be 
defined  loosely,  with  respect  to  these  parameters,  as 
the  percentage  by  which  the  maxima  and  minima  speci¬ 
fied  may  be  exceeded  without  resulting  failure.  In 
addition  to  the  operational  conditions  above,  the  limits 
of  a  number  of  other  operational  characteristics  must 
by  known  to  allow  determination  of  decelerator  type 
and  size,  and  system  variation  possibilities: 

(a)  Rate  of  descent; 

(b)  Oscillation; 

(c)  Allowable  g-force  on  load; 

(d)  Allowable  weight  of  aerodynamic  decelerator; 

(e)  Allowable  volume  of  aerodynamic  decelerator. 

SEC.  2  AERODYNAMIC  DECELERATOR  SYS¬ 
TEM  DESIGN  CONSIDERATIONS 

The  major  design  considerations  involved  in  the 
selection  of  any  deployable  aerodynamic  decelerator 
include: 


(a)  Characteristics  of  the  aerodynamic  decelerator 
itself;  drag  coefficient  and  stability  and  their  change 
with  velocity  and  wake;  rapidity  of  canopy  or  drag 
device  inflation; squidding  and  critical  opening  speed; 
opening  shock;  maximum  deployment  speed. 

(h)  Limitation  of  space,  shape,  and  weight,  ss 
determined  by  the  application. 

(c)  Method  of  deployment  and  snatch  force. 

(d)  Component  reliability  in  light  of  overall  sys¬ 
tem  reliability. 

(e)  Initial  coat. 

(f)  Maintenance  cost. 

(g)  System  variation  possibilities,  including:  ground 
shock  absorption  devices  to  permit  an  increase  in  rate 
of  descent  by  supplying  required  load  impact  attenu¬ 
ation;  reefing  control  for  opening  shock  reduction  or 
drag  variation;  aerodynamic  decelerator  clustering  or 
staging;  automatic  timers,  disconnects  and  other  spe¬ 
cial  devices;  and  the  effect,  if  any,  of  load  configura¬ 
tion  on  aerodynamic  decelerator  behavior  during  de¬ 
ployment  or  descent. 

2.1  System  Performance  Considerations. 

2.1.1  DRAG  LOADING.  Aerodynamic  decelerator 
drag  or  canopy  loading  is  defined  as  the  ratio  of  drag 
force  to  the  drag  area  of  the  decelerator.  The  canopy 
loading  under  terminal-velocity  conditions  is  the  ratio 
of  total  weight  (F  equals  V)  to  the  drag  area  (('i)S)o,p. 
Under  terminal-velocity  conditions,  a  given  canopy 
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loadingwill  always  result  in  the  same  rate  of  desernt, 
imlr  |>enclrnt  of  canopy  size  or  weight  involved: 


Typical  canopy  loadinga  versus  rate  of  deacent  are 
plutted  in  T  ig.  7-1  for  a  wide  range  of  parachute  ap¬ 
plications.  The  aircraft-approach  and  landing-decel¬ 
eration  curves  in  the  figure  are  of  theoretical  value 
only;  however,  the  plot  indicates  that  parachute  ap¬ 
plications  resulting  in  a  terminal  velocity  over  1  SO 
ft  sec  may  be  considered  as  in  finite -mass  cases  in 
the  calculation  of  canopy  opening  forces.  Personnel, 


air  drop,  and  final-stage  aerospace-vehicle  recovery 
canopies  have  final  rates  of  descent  from  16  to  30 
ft  /sec  and  a  canopy  loading  (W/CpS)  from  0.3  to  3.0 
psf.  Parachutes  with  canopy  loadings  between  3.0 
and  23  psf  are  used  in  ordnance  applications  for  sta¬ 
bilization  or  deceleration  purposes.  For  all  other 
applications,  canopy  loadinga  are  higher  and  may  be 
treuted  as  infinite-mass  cases.  While  differences  in 
canopy  loadings  under  terminal-velocity  conditions 
must  be  considered  in  canopy  design  because  they 
establish  limits  on  canopy  porosity,  construction,  and 
stability,  design  strength  of  parachute  canopies  under 
high  canopy-loading  conditions  is  largely  governed 
by  the  instantaneous  canopy  loading,  the  ratio  of 
opening  shock  force  (fQ)  to  canopy  drag  area  (CpS)a>jp. 
T  or  flat  circular  ribbon  canopies,  the  required  strength 
of  thr  ribbons  for  a  given  gore  base  width  and  in¬ 
stantaneous  canopy  loading  is  fairly  well  known.  (See 


CANOPY  LOADINO  (TERMINAL  VELOCITY  CONDITION  AT  SEA  LEVEL) 
(P-WT)/(C0.S).^  (LB/FT  *) 


Fig.  7-1  Rate  of  Deecent  Parana  Canopy  Loading  for  Terminal  Velocity  Condition t 
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!•  i«-  7-2).  Lor  not  id  cloth  canopies  stress  distribu¬ 
tions  may  be  calculated  following  the  method  preuenl- 
eil  in  Chapter  4  nml  selecting  suitable  cloth  material 
an  dictated  by  the  stresses  expected. 

2.1.2  TRAJECTORY  CONTROL.  Trajectory  con- 
trol  of  aero<lynamic  decelerntor  load  ayatema  ia,  and 
will  continue  to  be,  an  important  conaideration  in  the 
deaign  of  peraonnel,  air  drop,  itern-space  vehicle  re¬ 
covery,  and  ape cia  1-weapon  parachute  systems.  Tra¬ 
jectory  control  ia  required  in  order  to  accomplish: 

(1)  Impact  or  landing  at  pre-aelectrd  locution; 

(2)  'Temperature  minimization; 

(3)  g-load  limitation; 

(4)  Impact  velocity  and  angle  cuntrul,  and 

(5)  Accurate  computation  of  flight  path  (fur  un¬ 
stable  primary  body). 

Methods  of  obtaining  trajectory  control  by  means  of 
deployable  aerodynamic  deceleratora  include: 

(1)  Drag  area  control; 

(2)  Drag  device  ataging;  or 

(3)  Canopy  control  during  deployment. 

Special  construction  and  packing  techniques,  and 
auxiliary  equipment  such  aa  automatic  timers,  must 
usually  be  incorporated  in  the  deaign  of  aerodynamic 
decelerntor  systems  to  be  employed  for  trajectory  con- 


Fig.  7-2  Boundary  Curvet  for  Horizontal  Ribbon 
Strength  of  a  Flat  Circular  Ribbon-Type 
Canopy 


trol.  Methods  of  Hyatem-operution  variation  and  con¬ 
trol,  and  the  utilization  of  apecial-ayatem  components, 
are  discussed  in  detail  in  Chapters  4,  5,  9  and  in 
subsequent  sections  of  this  chapter. 

2.1.3  STAHIIJTY.  Cood  stability  of  a  parachute- 
load  system  is  generally  obtained  at  the  price  of  re¬ 
duced  drag  efficiency. 

During  the  design  phase,  it  is  therefore  important 
to  assess  carefully  the  requirements  of  each  particu¬ 
lar  application  in  terms  of  the  ratio  of  stability  gains 
versus  efficiency  losses.  A  near  approach  to  absolute 
dynamic  stability  is  generally  necessary  only  for 
such  applications  as  bomb  stabilization.  Undamped 
oscillations  or  erratic  gliding  during  descent  may  not 
be  objectionable  for  some  applications.  Lor  the  great 
majority  of  first-stage  aerospace-vehicle  recovery 
or  deceleration  applications,  undamped  oscillations 
up  to  -  2  deg  can  be  tolerated;  for  other  cases,  a  range 
of  oscillation  of  up  to  —  5  deg  is  considered  tolerable. 
'ITie  objective  in  the  design  of  deployable  aerodynamic 
decelerntor  systems  for  air  drop,  final-stage  aero¬ 
space-vehicle  recovery  and  personnel  applications  is 
the  reduction  of  the  incidence  of  damage  and  injury 
caused  by  swinging  ini|>uct  with  the  ground;  stability 
ranges  of  between  -5  and  —  20  deg  are  adequate,  in 
the  majority  of  these  cases,  for  these  applications. 

2.1.4  RKI.IAHIUTY.  The  reliability  requirements 
for  any  aerodynamic  decelerntor  system  are  neces¬ 
sarily  high.  To  achieve  the  required  reliability  in  the 
face  of  weight  and  space  limitations  and  the  conse¬ 
quent  necessity  to  avoid  extreme  overdesign,  the  para¬ 
chute  designer  must  consider  every  aspect  of  the 
strength  of  the  materials  which  he  uses,  the  actual 
canopy,  deployment  bag,  and  other  component  con¬ 
struction  procedures,  and  the  details  of  the  planned 
deployment  process. 

A  recent  study  of  the  reliability  of  parachute  sys¬ 
tems  (Ref  7-1)  has  indicated  that  there  are  two  major 
types  of  reliability  considerations  in  the  design  of 
parachute  systems.  It  is  necessary  to  consider  both 
component  reliability  for  every  pert  of  the  system, 
and  the  operational  reliability:  that  is,  the  reliability 
of  the  deployment  and  opening  process  itself. 

The  major  consideration  in  component  reliability 
is  that  each  component  function  properly  under  the 
expected  loads.  Since  the  maximum  loads  in  parachute 
operation  are  generally  those  of  snatch  force  and 
opening  shock,  these  are  the  primary  factors  in  the 
desifpt  of  the  load-bearing  members  of  the  system. 
However,  for  some  components,  such  as  static  lines 
and  deployment  bags  and  parachute  packs,  the  maxi¬ 
mum  loads  may  be  due  to  other  forces.  Hius,  the 
operation  of  the  system  must  be  considered  in  detail 
in  the  study  of  load  requirements  for  reliable  design. 
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The  reliability  of  the  load-bearing  members  of  the 
parachute  system,  including  both  fabric  and  hardware 
items,  is  a  function  of  the  load  itself,  the  strength 
of  the  materials  from  which  the  components  are  made 
(including  the  strength  of  seams  of  the  fabrics),  and 
the  variation  of  the  strength  of  the  materials  permis¬ 
sible  under  the  specification  requirements  aud  design 
conditions.  Auxiliary  mechanical  devices,  such  as 
reefing-line  cutters,  stage  disconnects,  and  timing 
systems,  must  function  with  high  reliability  under 
conditions  of  system  operation,  including  high  shock 
and  acceleration  forces  developed  during  deployment 
and  canopy  opening. 

The  environments  which  the  decelerator  system  will 
be  exposed  to,  both  in  storage  and  in  operation,  are 
prime  considerations  in  design  for  reliable  operation. 
In  general,  temperature  and  other  factors  which  affect 
fabric  and  metal  strength  and  the  operation  of  me¬ 
chanical  devices  are  of  extreme  importance  in  as¬ 
sessing  the  reliability  of  the  system  design. 

The  operational  reliability  of  an  aerodynamic  de¬ 
celerator  system  ia  the  probability  of  the  successful 
sequence  of  the  necessary  operations  in  the  deploy¬ 
ment  of  the  system.  Thus,  it  ia  a  function  of  adequate 
design  of  the  deployment  bags,  packs,  and  other  con¬ 


tainers,  anil  of  the  actual  packing  process  itself.  The 
details  of  the  design  of  the  decelerator  containers 
are  covered  in  Sec.  3  of  this  chapter.  Hie  problem  of 
correct  packing  of  the  decelerator  in  the  container 
so  that  deployment  occurs  in  the  required  manner  is 
a  matter  of  human  performance.  While  this  is  generally 
not  under  the  control  uf  the  parachute  designer,  never¬ 
theless  his  design  should  be  such  that  the  inspection 
of  the  pocking  process  is  readily  facilitated.  Thus, 
critical  connections,  ties,  and  parts  placement  should 
be  such  that  they  are  visible  to  the  inspector  both 
during  the  packing  process,  and,  wherever  possible, 
after  thr  process  is  completed  so  that  he  mav  insure 
the  correctness  of  the  operation. 

The  actual  determination  of  thr  reliability  of  an 
aerodynamic  decelerator  system  is  discussed  in  Sec. 
13  of  Chapter  4.  The  details  of  the  method  of  relia¬ 
bility  calculation,  and  examples  of  applications,  are 
preaented  in  lief  (7-1). 

2.2  Porachutt  Canopy  Performance  Consider¬ 
ations.  Parachute  canopy  arlection  is  always  a  com¬ 
promise  in  some  respects:  highest  drag  and  maximum 
stability  cannot  be  achieved  in  thr  same  canopy;  high 
strength  means  increased  weight  and  bulk.  In  general, 
the  selection  and  design  of  any  parachute  canopy  type 
must  be  based  on  the  particular  application.  Since 
there  are  a  large  number  of  applications  and  canopy 
types,  there  ia  a  decided  advantage  to  being  able  to 
narrow  consideration  for  any  one  application  to  two 
or  three  canopy  types  before  detailed  design  compu¬ 
tations  are  started.  The  comparison  of  the  desired 
or  required  performance  characteristics  for  a  specified 
mission  with  the  performance  characteristics  of  the 
possible  canopy  types  can  usually  narrow  the  choice 
to  a  practical  number. 

2.2.1  CANOPY  DRAG.  The  drag  of  a  body  such 
as  an  inflated  parachute  canopy  may  be  written  as: 

(7-2)  D  =  cnsq 

where  CpS  «  drag  area;  and 

<y 

q  -  0.5  p  v~  «=  dynamic  pressure. 

Thus,  drag  depends  upon  the  reference  area  S,  the 
dynamic  pressure  q,  and  the  canopy  shape,  which  es¬ 
sentially  determines  the  value  of  the  drag  coefficient 

cn- 

Two  areas  are  generally  used  as  reference  areas, 
the  area  of  inflated  drag-producing  surface  projected 
in  axial  direction,  S^,  and  the  developed  or  “nominal” 
area  of  the  material  forming  the  drag-producing  sur¬ 
face,  Sn.  |n  one  case  the  drag  coefficient  Q)_, 
based  on  the  projected  canopy  area,  is  used  for  rib- 
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bed  and  ribleaa  guide-surface  canopies  only,  while 
the  coefficient  baaed  on  the  “nominal"  cloth 

area,  ia  uaed  for  all  other  typea  of  cnnopiea. 

The  value  of  the  drag  coefficient  dependa  primarily 
upon  the  ahnpe  of  the  inflated  parachute  canopy  and 
total  poroaity  of  the  drag-producing  surface .  The  shape 
is  a  complex  function  of  the  canopy  design,  depending 
on  such  parameters  as  the  gore  shape,  porosity  or 
permeability  of  the  drag-producing  surface, suspension- 
line  length,  size  of  the  canopy,  number  of  gores,  and 
canopy  drag-loading.  The  poroaity  not  only  affects 
the  drag  directly,  but  also  has  an  important  influence 
upon  the  dynamic  behavior  (flow  pattern)  of  the  canopy. 
Oscillating  or  gliding  parachute  canopies  have  con¬ 
siderably  higher  drag  coefficients  than  the  more  stable 
types. 

Kxperimentai  values  of  the  drag  coefficients  are 
listed  in  Chapter  3.  For  preliminary  calculations,  the 
following  values  for  drag  coefficients  may  be  used: 


Type  Psrschute  Canopy 

Flat  Circular^ Solid  Cloth 

F.xtended  Skirt,  Solid  Cloth 

Guide  Surface 
(Stabilization) 

Guide  Surface 
(Riblesa) 

Guide  Surface 
(Personnel) 

Rotafoil 

Shaped 

Rat  Circular  Ribbon 
Ring  Slot 


Drag  Coefficient 


C. j  -  0.75 
1  o 

CD  -  0.70 
o 

Cn  -  0.95 
P 


0.80 


Cn  -  0.72 

o 


0.78 


Cn  -  0.80 
uo 

CD  -  0.50 

O 


0.55 


there  is  evidence  that  the  distribution  of  porosity  is 
also  an  important  consideration;  better  stability  char¬ 
acteristics  may  be  obtained  by  increasing  the  porosity 
in  the  region  of  the  canopy  skirt. 

2.2.2.2  Suspension- Line- length  Effect.  Reduction 
of  suspension-line  length,  within  the  recommended 
range,  provides  an  increase  in  the  damping  of  para¬ 
chute  motion.  However,  if  suspension-line  length  is 
reduced  beyond  a  practical  value  in  order  to  gain  sta¬ 
bility,  the  projected  diameter  of  the  canopy  will  be 
decreased,  with  a  corresponding  decrease  in  drag. 

2.2.2.3  Shaped-Canopy  Effect.  The  stability  char¬ 
acteristics  of  canopies  can  be  improved  by  shaping 
the  gores  so  that  the  length  of  the  conical  portion  of 
the  inflated  canopy  which  is  tangent  to  the  suspension 
lines  is  increased.  This  produces  an  inflated  canopy 
profile  resembling  a  combination  of  a  hemispherical 
segment  and  a  truncated  cone,  a  shape  known  to  be 
more  stable  than  a  hemispherical  one.  However,  an 
increase  in  the  length  of  the  conical  segynent  results 
in  a  reduction  of  drag  efficiency.  Thus,  stability  gain 
must  be  measured  against  drag-efficiency  losses  in 
the  design  of  shaped-gore  canopies. 

2.2.3  CRITICAL  CANOPY-OPF.NING  CONDITIONS. 
Two  critical  conditions  exist  for  any  self-inflating  por¬ 
ous  parachute  canopy:  the  maximum  or  critical  opening 
velocity  and  the  minimum  opening  dynamic  pressure. 
The  maximum  opening  velocity  is  defined  as  the  low¬ 
est  speed  at  which  the  canopy  does  not  fully  develop. 
For  speeds  above  the  critical  opening  speed  a  para¬ 
chute  opens  only  to  s  squid  state;  it  will  not  open 
fully  unless  the  speed  is  reduced. 

O'Hara  (Ref  (7-2))  presents  an  analytical  method 
for  determining  the  critical  opening  speed.  However, 
on  the  basis  of  experimental  observation  (Ref  (7-3)), 
the  critical  opening  velocity  can  be  estimated  by  as¬ 
suming  that  the  drag  of  a  squidding  canopy  is  at  least 
one-sixteenth  the  drag  of  the  fully  inflated  canopy  at 
the  same  velocity,  so  that: 


2.2.2  CANOPY  STABILITY.  In  Chapter  4  static- 
stability  coefficients  and  dynamic-stability  equations 
for  canopies  were  presented.  These  provide  a  theo¬ 
retical  means  of  predicting  the  stability  of  a  canopy 
design  prior  to  full-scale  free-flight  tests.  The  dis¬ 
cussion  of  parachute  stability  presented  in  Chapter  4 
is  primarily  analytical;  the  following  discussion  is 
more  practical  in  nature  and  considers  the  various 
parameters  which  influence  parachute  canopy  stability. 

2. 2.2.1  Porosity  Effect.  In  general,  an  increase 
in  porosity  increases  the  stability  and  filling  time  of 
a  canopy,  but  simultaneously  decreases  the  drag  ef¬ 
ficiency  and  critical  opening  velocity.  In  addition, 


(7-3)  Ftq  v  2 

V(  >  H.^2 

where  Fgq  -  steady  drag  of  squidded  parachute 
canopy. 

This  then  means  that  if  a  canopy  is  selected  with  a 
critical  opening  velocity  not  less  than  four  times  die 
equilibrium  descent  velocity,  then  ^,q /J*  is  greater 
than  1,  and  the  parachute  is  deployed  at  a  velocity 
greater  than  its  critical  opening  velocity,  the  steady 
drag  of  the  squidded  canopy  will  be  greater  than  the 
weight  of  the  load  (steady-state  drag  of  fully  inflated 
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canopy),  and  (he  toad  will  be  continually  retarded  un¬ 
til  the  parachute  canopy  reachea  the  critical  opening 
velocity  and  it  opena  fully. 

With  reapect  to  critical  opening  velocity,  the  gov¬ 
erning  design  parameters  for  n  parachute  canopy  are: 

(1)  Total  poroaity  or  permeability  of  the  canopy; 

(2)  Distribution  of  canopy  porosity;  and 

(3)  Shape  of  the  canopy  mouth  openiug. 

Generally,  the  shape  of  the  canopy  mouth  opening 

during  inflation  is  influenced  by  various  geometrical 
factors,  such  as  the  shape  of  the  gore  pattern  and  the 
length  of  the  suspension  lines.  Since  a  certain  amount 
of  slackness  exists  between  the  skirt  and  the  sus¬ 
pension  lines  prior  to  canopy  inflation,  it  is  difficult 
either  to  control  csnopy  mouth  shape  or  to  predict  the 
effect  of  such  inflation-promoting  devices  aa  pocket 
bands  (see  Glossary,  Chap.  1,  Sec.  2,  and  3.2  of  thin 
chapter).  Pocket  bands  are,  however,  effective  in  get¬ 
ting  canopy  inflation  started  by  limiting  the  inward 
fold  of  the  slack  skirt  material.  If  canopy  inflation 
has  started,  it  will  continue  to  a  state  either  where 
equilibrium  is  attained  between  the  volume  of  air  flow¬ 
ing  into  the  canopy  through  its  mouth  sad  that  flowing 
out  through  the  fabric  pores  or  other  openings,  or 
where  equilibrium  is  reached  between  internal  pres¬ 
sure  and  structural  tension. 

Several  methods  of  improving  opening  characteris¬ 
tics  of  parachute  canopies  have  been  tried  in  the  past, 
with  varying  degrees  of  success.  Among  these  are: 
(1)  adding  pocket  bands  at  the  canopy  skirt  between 
adjacent  skirt  sections  across  suspension  lines;  (2) 
lengthening  'uspension  lines;  (3)  using  canopy-crown 
material  with  low-porosity  fabric; or  (4)  adding  external 
air-pockets  to  the  skirt.  The  opening  characteristics 
of  large  canopies  maybe  improved  by  the  proper  place¬ 
ment  of  a  small  secondary  canopy  near  the  skirt  of 
the  primary  canopy  (Ref  7-4).  In  the  cuae  of  the  guide- 
surface  and  other  shaped-gore  canopies,  opening  char¬ 
acteristics  are,  to  a  certain  extent,  a  function  of  gore 
shape.  Primarily,  however,  opening  characteristics 
are  dependent  upon  porosity.  Solid-cloth  canopies 
with  inverted  conical  or  inward  curving  skirts,  and 
those  geometrically  porous  canopies  of  the  ribbon 
family  in  which  the  total  porosity  required  for  sta¬ 
bility  is  close  to  the  critical  limit,  without  inflation 
aids,  are  sensitive  to  variations  in  total  porosity.  A 
small  increase  in  porosity,  due  either  to  opening-shock 
damage  or  to  variations  in  textile  weave,  can  reduce 
the  critical  opening  velocity  below  a  safe  level. 

The  inflation  of  parachutes  in  the  upper  atmosphere, 
above  150,000  ft,  where  the  density  is  low,  is  gov¬ 
erned  by  the  pressure  differential  developed  between 
the  internal  and  external  surfaces  of  the  canopy.  The 
magnitude  of  thia  pressure  differential  depends  upon 


the  dynamic  pressure.  The  minimum  dynamic  pressure 
to  sustain  canopy  inflation  has  been  determined  from 
drop  teats  and  wind-tunnel  tests  to  be  approximately 
0.3  to  0.7  lb/nq  ft.  Parachutes  may  open  partially  or 
fully  at  high  altitudes  due  to  inertia  forces  of  the 
ejected  canopies,  or  due  to  induced  rotation  of  the 
canopy.  At  extremely  low  density  and  very  high  speeds, 
even  lower  dynamic  pressures  than  those  above  may 
be  sufficient  to  open  the  canopy.  However,  in  all  these 
cases  the  pressure  inside  the  canopy  is  not  sufficient 
to  maintain  a  definite  inflation,  to  counteract  squid- 
ding,  twisting,  and  entanglement  of  the  canopy,  or  to 
prevent  interference  and  entanglement  of  parachute 
and  load.  Therefore,  for  reliable  assurance  of  canopy 
inflation  at  high  altitudes,  it  is  suggested  that  the 
canopy  be  deployed  at  dynamic  pressures  greater  than 
1  lb/sq  ft. 

2.2.4  CANOPY  GF.OMKTRY.  When  considering  the 
effect  of  canopy  geometry  upon  performance,  attention 
should  be  paid  to  the  fact  that  canopies  of  large  di¬ 
ameter  are  neither  geometrically  nor  mechanically 
similar  to  canopies  of  small  diameter,  even  though 
they  may  be  of  the  same  basic  design.  This  may  be 
explained  by  means  of  two  factors  associated  with 
the  scale  effect:  the  variation  in  the  number  of  gores 
with  canopy  diameter,  and  the  variation  in  the  weight 
and  flexibility  of  the  materials.  This  consideration 
serves  to  point  out  again  that,  even  if  the  geometry 
of  a  parachute  canopy  has  been  found  suitable  by 
constructing  and  testing  smaller-scale  models,  full- 
sire  parachute  canopies  should  also  be  drop-tested 
as  long  as  definite  relationships  of  performance  data 
to  physical  design  parameters  (similarity  laws)  have 
not  been  established. 

The  inflated  profile  of  a  typical  circular  canopy  is 
shown  in  Fig.  7-3.  This  profile  is  that  of  the  radial 
seam,  or  rib;  no  attempt  has  been  made  to  indicate 
the  profile  of  the  panel  bulges  between  ribs.  Because 
of  the  panel  bulges,  the  profile  shown  represents  the 
limiting  shape  with  an  infinite  number  of  gores.  How¬ 
ever,  a  canopy  designed  as  a  surface  of  revolution 
usually  doer  not  pull-in  appreciably  at  the  skirt  be¬ 
cause  of  the  gore  shape,  and  so  shows  the  least  vari¬ 
ation  in  profile  with  number  of  gores. 

'The  skirt  lip  of  the  canopy  will  be  tangent  to  the 
suspension  lines  if  it  is  assumed  that  no  bending 
stresses  are  present.  Under  this  assumption,  the  canopy 
skirt  assumes  a  negative  angle  of  incidence  equiva¬ 
lent  to  half  the  angle  enclosed  by  the  suspension 
lines.  The  negative  angle  of  incidence  of  the  skirt 
and,  more  important,  the  length  of  the  conical  surface 
to  the  tangency  point,  have  a  strong  influence  upon 
several  important  characteristics.  As  the  length  of 
the  conical  surface  is  increased,  (1)  the  critical  open- 
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ing-vrlmily  In  reduced,  (2)  canopy -filling  time  in 
increased,  (3)  opening  shock  ia  reduced,  (4)  the  aver¬ 
age  angle  of  oacillation  ia  decrenaed,  (5)  the  damping 
characteriatica  arc  improved,  Hnd  (6)  the  ratio  of 
If p  to  Ds  (aee  Fig.  7-3)  ia  increaaed.  Ilieae  effecla 
appear  in  varying  degreea  in  the  performance  of  the 
extended-skirt  and  guide-surface  canopira.  In  general, 
the  amaller  the  relative  canopy  nmuth,  the  lower  the 
allowable  poroaity  of  the  canopy,  if  the  critical  open¬ 
ing-velocity  in  to  be  maintained  at  a  aafe  value.  Re- 
cauae  of  the  acale  effect,  thia  trend  beromen  more 
pronounced  as  the  diameter  in  increaaed,  but  beyond 
a  certain  point  the  area  of  conical  surface  extensions 
required  for  stability  and  other  desirable  performance 
characteristics  diminishes,  approaching  7ero  for  very 
large  parachute  canopies,  F.xperience  indicates  that 
this  limit  is  reached  when  the  diameter  approaches 
80  ft. 

Other  geometric  shape-factors  associated  with  the 
skirt  of  circular  canopies  can  be  observed  to  a  marked 
degree  in  the  performance  of  ribbed  and  riblesa  guide- 
surface  canopies.  Here,  the  pronounced  bulges  or 
lobes,  as  well  as  the  high  rate  at  which  the  crown 
profile  breaks  away  from  the  langency  point  on  the 
conicnl  surface  (thus  producing  a  flattened  top),  de¬ 
termine  to  a  large  degree  the  performance  character¬ 
istics  of  thia  type  of  canopy.  In  these  canopies  the 
separation  line  between  crown  and  conicnl  surface 
can  be  considered  a  flow  separation  edge  which  cre¬ 
ates  the  same  effect  as  that  obtained  through  the  une 
of  high -porosity  fabric. 

2.2.5  CANOPY  POROSITY.  The  poroaity  of  a  can¬ 
opy  arises  from  two  types  of  openings  in  the  canopy 
through  which  air  can  flow:  (1)  the  air  permeability  of 
the  canopy  fabric  itself;  and  (2)  openings  deliberately 
constructed  in  the  canopy.  The  air  permeability  of 
canopy  fabric  is  commonly  expressed  as  the  volume 
of  air  flowing  through  a  unit  area  in  a  unit  time  (f|3/ 
min/ft^)  at  a  specified  constant  pressure-differential. 
This  mass  flow  of  air  through  the  fabric  has  its  major 
effect  on  canopy  opening.  Positive  canopy  inflation 
in  the  case  of  solid  fabric  canopies  is  obtained  by 
maintaining  a  balance  between  air  flow  into  the  cano¬ 
py  and  air  loss  due  to  fabric  porosity  and  nny  vent 
openings. 

The  value  of  porosity  or  air-mass  flow  is  dependent 
on  air  pressure  and  density.  For  purposes  of  perform¬ 
ance  calculations,  a  dimensionless  term,  effective 
porosity  (C),  has  been  established  for  filling  time 
determination  of  solid  cloth  canopies.  (See  Chap.  4, 
Sec.  3,  Effective  Porosity). 

Geometric  openings,  in  addition  to  the  vent,  are 
built  into  some  types  of  canopies.  These  canopies 
derive  their  performance  characteristics  from  careful 


selection  and  sparing  of  these  openings.  For  these 
tyi>es,  porosity  is  defined  as  geometric  porosity, 

(7-4)  A  w  100  % 

*  O 

where  ~  total  area  of  openings  in  canopy;  and 

Sg  -  nominal  surface  area  of  canopy. 

At  the  present  time,  a  relationship  between  geometric 
porosity  of  ribbon  grids  and  the  effective  porosity 
term  as  applicable  to  solid  cloth  canopies  has  not 
been  established.  This  conversion  is  most  difficult 
to  achieve  for  those  canopies  operating  at  transonic 
and  supersonic  speeds,  where  the  ribbon  grid  under¬ 
goes  unknown  structural  deformation. Such  deformation 
makes  the  calculated  geometric  porosity  an  almost 
meaningless  value. 

2.2.6  CANOPY  STRENGTH.  The  overall  strength 
requirements  for  a  parachute  canopy  and  other  com¬ 
ponents  are  presently  established  by  applying  a  design 
factor  (Table  7-1)  to  the  allowable  maximum  opening 
shock.  This  factor  is  commonly  specified  in  relation 
to  a  particular  application.  At  present,  destructive 
tensile-tests  of  structural  samples  combined  with 
drop-tests  of  the  complete  assembly  are  relied  upon 
to  demonstrate  that  n  margin  of  safety  exists  for  the 
given  design  conditions.  However,  experimental  and 
analytical  programs  are  in  progress  to  provide  data 
on  the  load  distribution  in  both  the  suspension  lines 
and  the  drag -producing  surface  daring  the  deployment 
and  inflation  of  canopies.  Such  data  may  result  in  the 
revision  of  present  parachute  design  strength  factors. 
Insofar  as  the  suspended  load  alone  is  concerned,  an 
additional  margin  of  safety  is  provided  by  the  ability 
of  a  parachute  to  sustain  extensive  damage  and  still 
function  properly. 

2.2.7  CANOPY  DRAG  EFFICIENCY.  Drag  effici¬ 
ency  of  a  parachute  canopy  is  defined  by  considering 
canopy  weight  to  be  the  criticnl  design  consideration: 

(7-5)  Weight-Drag:  Vw  » — —I — 

% 

where  V  m  1  otal  weight  of  parachute  canopy 
including  swivel,  if  required. 

In  order  to  establish  a  basis  of  comparison  for  dif¬ 
ferent  canopy  types,  it  is  advisable  to  assume  the 
same  structural  margin  of  safety  relative  to  the  open¬ 
ing  shock  under  identical  deployment  conditions.  It 
can  then  be  seen  that  a  parachute  canopy  with  a  good 
drag  coefficient  and  a  high  opening-shock  character- 


369 


TAHI  .K  7-1  CANOPY  DFSION  FACTORS 


Safety  Factors 

Strength  Factors 

Overall 

Factor 

i  x  c 

Application 

r 

■ 

O 

1 

1 

■ 

V-'V 

Nylon 

Silk 

Rayon 

■ 

H 

uoek 

(Nylon) 

Paratmop  Use 

2.0 

1.055 

0.8 

0.95 

N/A 

0.95 

0.95 

3.075 

Personnel 

Kmergency  F'xcape 

2.0 

1.055 

0.8 

0.95 

0.8 

N/A 

0.95 

0.95 

3.075 

Air-Drop  of  Cargo 

1.5 

1.055 

0.8 

0.95 

0.8 

0.5 

1.00 

0.95 

2.195 

A/C  Landing 

Deceleration  &  Approach 

1.5 

1.055 

0.8 

0.95 

0.8 

N/A 

0.95 

0.95 

2.305 

Aerospace-Vehicle 

Recovery,  Deceleration 
Stages 

1.9 

1.055 

0.95 

0.8 

N/A 

0.95 

0.95 

2.91 

Aerospace- Vehicle 

Recovery,  Final  Stage 

1.5 

1.055 

0.8 

0.95 

0.8 

N/A 

0.95 

0.95 

2.305 

Special  Weapon  Uae 

1.5 

1.055 

0.8 

N/A 

N/A 

N/A 

N/A 

N/A 

2.0 

N^A  —  Not  applicable. 


iatic  may  have  a  poor  drag  efficiency  because  of  the 
greater  strength  of  materials  required.  This  method 
may  facilitate  the  selection  of  a  canopy  type  by  de¬ 
termining  which  of  several  different  canopies  designed 
for  the  same  purpose  provide  the  required  drag  per¬ 
formance  for  the  least  material  weight. 

The  fact  that  otherwise  equivalent  canopies  differ 
greatly  in  drag  efficiency  may  be  attributed  largely 
to  their  differences  in  canopy  geometry.  This  differ¬ 
ence  in  canopy  geometry,  which  changes  the  total 
cloth  area  without  proportionally  affecting  the  drag 
coefficient,  may  be  made  for  the  purpose  of  effecting 
improvements  in  canopy  performance;  e.g.,  to  increase 
stability,  reduce  opening  shock,  reduce  local  fabric 
stresses,  or  gain  better  controllability. 

2.2.8  CANOPY  WEIGHT  AND  VOl.UMR.  The  weight 

and  packed  volume  of  parachute  canopies  can  be  cal¬ 
culated  from  the  dimensions  of  a  given  canopy  design, 
provided  the  weight  and  volume  of  the  material  used 
in  canopy  fabrication  are  also  known.  In  order  to  ob¬ 
tain  an  approximate  weight  value  for  a  specific  cano¬ 
py  type,  a  simple  mathematical  expression  may  be 
utilized.  This  expression  has  the  form: 

(7-6)  Wp  -°D02,p+bD0ip 


where  -  Weight  of  the  parachute  canopy; 

f)g  p  »  Diameter  of  the  canopy  (nominal  or 
projected);  and 

a,b  =  Constants. 

Solution  of  this  equation  provides  a  valid  approxi¬ 
mation  for  the  weight  of  parachute  canopies  which 
have  a  suspension-line  strength  to  canopy -material 
or  ribbon  strength  (as  listed  in  3. 1.1.1  of  this  chapter), 
which  have  a  suspension-line  length  equal  to  the  di¬ 
ameter  of  the  canopy,  and  where  the  number  of  go.  's 
is  approximately  equal  to  the  value  of  the  nominal  or 
constructed  canopy  diameter.  The  values  of  the  con¬ 
stants  a  and  b  depend  upon  the  canopy  type  and  the 
material  or  ribbon  strength  used  in  the  fabrication  of 
the  parachute  canopy  and  are  listed  in  Table  7-2. 
Knowing  the  weight  of  the  canopy,  its  packed  volume 
may  be  obtained  by  multiplying  the  weight  by  the  aver¬ 
age  pack-density  value  listed  in  Table  7-3  for  com¬ 
pressed  or  uncompressed  packing. 

2.3  Parochof*  Canopy  Daploymant  and  Open¬ 
ing.  Opening  characteristics  of  a  parachute  may  be 
loosely  defined  to  include  all  the  consecutive  motions 
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of  parachute  system  operation,  from  the  instant  of 
initintion  of  canopy  deployment  until  complete  canopy 
inflation.  Deployment  ia  defined  on  covering  the  ex- 
tennion  of  the  drag-producing  surfacr  and  suspension 
linen  from  tlie  atowed  poaition.  The  prime  requirement 
for  a  deployment  ayatem  in  reliability.  Deployment 
ayatenm  ahould  provide  for  the  controlled  movement 
of  the  deploying  cunopy  to  prevent  aide  loada  on  the 
akirturea  before  completion  of  auapenaion  line  atretch, 
and  to  allow  orderly  deployment  of  the  canopy  along 
the  path  of  primary  vehicle  travel. 

In  addition,  the  deployment  ayatem  ahould  provide 
for  the  reduction  of  anatch  force.  The  magnitude  of 
anatch  force  ia  directly  proportional  to  the  effective 
diag  area  of  the  pilot  chute  and  main  canopy.  For  ex¬ 
ample,  a  partially  open  canopy  with  a  drag  area  of 
20  aq  ft  will  iinpoae  a  conniderably  higher  anatch  force 
on  a  auspended  loud  than  a  deployed  but  uninflated 
canopy  with  a  drag  area  of  2  aq  ft.  Canopies  which 
are  free  to  inflate  during  deployment  impoae  a  paeudo- 
opening-shock  snatch  force.  Good  high-speed  deploy¬ 
ment  must,  therefore,  present  the  smallest  system  drug 
area  that  is  consistent  with  orderly  deployment,  until 
line  stretch  is  complete.  Thereafter,  the  deployment 
system  must  provide  completely  reliable  release  of 
the  canopy  for  inflation.  I.ow  bulk  and  weight  of  the 


deployment  ayatem  are  ulao  desirable  for  reduction  of 
anatch  force. 

2.3.1  DKPI.OYMKNT  MKTHODS.  The  three  most 
common  canopy  deployment  methods  presently  in  use 
are  (1)  static-line  deployment,  (2)  pilot-chute  deploy¬ 
ment,  and  (3)  forced  ejection. 

2. 3. 1.1  Static-Line  Deployment.  Most  small  air¬ 
drop  parachutes  and  troop  main-parachutes  are  opened 
and  deployed  by  a  static-line  assembly,  consisting  of 
(1)  static-line  snap,  (2)  static  line,  and  (3)  break  cord. 
The  static-line  snap  is  firmly  attached  to  a  body  whose 
differential  velocity  and  mass  will  be  sufficient  to 
break  a  puck  open,  or  to  withdraw  the  ripcord  pins. 
The  static  line,  upon  full  extension,  begins  to  deploy 
the  parachute  canopy,  which  is  attached  to  the  static 
line  by  means  of  a  break  cord.  The  apex  of  the  canopy 
is  held  until  sufficient  drag  is  exerted  on  the  deploy¬ 
ing  canopy  to  break  the  cord  attaching  the  apex  to  the 
static  line.  Unfortunately,  the  rate  of  deployment  of 
the  parachute  often  exceeds  the  speed  of  the  dropped 
load.  This  permits  a  "sail’’  to  develop,  during  which 
inversions  and  semi -in  versions  can  readily  form.  The 
extent  and  duration  of  the  sail  is  governed  primarily 
by  the  strength  of  the  break  cord.  Strong  break-cords 
tend  to  straighten  the  aail.lf  break  cords  are  too  weak, 
canopies  are  not  withdrawn  from  the  pack  sufficiently 


TAHl.F.  7-2 

CONSTANTS  a  AND  b  KOR  VARIOUS  CANOPY  TYPES  AND  CANOPY  MATF.RIALS 


Canopy 

Type 

1.1  ox 

1.6  oz 

2.25  oz 

3.5  oz 

4.75  02 

14  oz 

1.1, 1.6, 
2.25  oz 

1000  lb 

Flat 

Circular 

8 

0.018345 

-0.0113 

0.02526 

41.0104 

0.03885 

41.03185 

0.0612 

41.0221 

F.xtended 

Skirt 

1 

B 

0.02951 

41.02420 

Personnel 

Guide 

9 

0.01734 

.0.01038 

Ribbed  &  Ribless 
Guide 

a 

B 

0.36 

1.02 

Ribbon 

a 

B 

■ 

B 

fiffia 

un 

Ringslot 

a 

0.05424 

-0.16050 

0.1496 

.0.4090 

■ 

■ 

■ 
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for  orderly  deployment,  end  further  deployment  de¬ 
pends  only  upon  the  drag  area  of  the  exposed  canopy. 
Static-line  deployment  of  an  exposed  and  uncontrolled 
canopy  is  not  reliable  or  desirable  at  high  speeds  or 
with  large  canopies. 

2. 3. 1.2  Pilot-Parachute  Deployment.  The  use  of 
pilot  parachutes  to  withdraw  the  main  canopy  from  a 
pack  or  deployment  bag  and  guide  it  for  positive  and 
proper  inflation  is  common  with  moat  ripcord -operated 
and  deployment-bag-packed  systems.  The  pilot-para- 
chute  deployment  system  conaista  of  a  amall  canopy, 
its  individual  bag  or  sleeve  if  required,  and  its  sus¬ 
pension  system,  in  some  cases  the  pilot  chute  is 
apring-loaded  for  positive  ejection.  The  pilot  parachute 
is  attached  to  the  apex  of  the  main  canopy  in  systems 
which  are  deployed  “canopy-first”  and  to  the  bag 
housing  the  main  canopy  in  systems  deployed  “lines- 
first”. 

For  certain  applicationa  in  aeroapare-vehicle  and 
drone  recovery  and  high-speed  testa  utilizing  bomb 
shapes,  jettisonable  objects  such  as  decelerator  com¬ 
partment  rovers  or  tail  plates  are  used  to  replace  the 
pilot  chnte.  These  jettisonable  objects,  upon  separa¬ 
tion  from  the  primary  vehicle,  develop  sufficient  drag 
to  withdraw  parachute  packs  from  the  decelerator  com¬ 
partment  and  deploy  the  parachute  canopy. 

2.3. 1.3  Forced  Ejection  Deployment  initiation 
by  means  of  forceful  ejection  is  finding  wide  applica¬ 
tion  because  this  method  provides  for  good  control  of 
the  rearward  movement  of  the  pilot  chute,  and  in  the 
case  of  transonic  and  supersonic  deployment,  propels 
the  pilot  chute  out  of  the  adverse  wake  preisure- 
distribution  behind  the  primary  vehicle.  Forced  ejec¬ 
tion  of  the  pilot  chute  from  the  decelerator  compart¬ 
ment  is  accomplished  by  means  of  an  ejection  gnn, 
blast  bag,  or  similar  propulsive  device  (see  Chapter 
9). 

2.3.2  FORCF.D  CANOPY-OPENING.  Requirements 
for  low-air-epecd  low-altitude  (less  than  500  ft)  emer¬ 
gency  escape  of  personnel  from  aerial  vehicles  have 
led  to  investigations  of  parachute  system  designs 
incorporating  propulsive  devices  to  accomplish  both 
forceful  ejection  of  the  canopy  from  the  pack  and 
forced  spreading  of  canopy  skirt  to  insure  fast  open¬ 
ing.  One  system  which  was  evaluated  utilized  force- 
ably  ejected  slugs  attached  to  the  canopy  suspension 
lines  to  accomplish  spreading  of  the  canopy  skirt 
(Ref.  7-4). 

2.4  Deployment  Bogs,  Packs,  Prossuro  Pack¬ 
ing. 

2.4.1  DEP1.0YMENT  RAGS.  The  use  of  deploy¬ 
ment  bags  to  enclose  the  drag-producing  surface  of 
the  canopy  during  deployment  provides  for  a  reliable 
and  efficient  method  of  deployment.  This  method  has 


a  number  of  advantages.' (1)  snatch  forces  are  reduced, 
since  it  restricts  the  drag  area  of  the  deploying  maas; 

(2)  malfunctions  are  reduced  considerably  because  of 
the  correct  placement  of  the  canopy  in  relation  to  the 
suspended  load  before  opening;  and  (3)  damage  to  the 
canopy  from  friction  or  from  protrusions  is  reduced 
because  of  the  protection  afforded  by  the  bag.  One 
disadvantage  is  the  possible  occurrence  of  friction 
burns  daring  exceptionally  high-speed  removal  of  the 
canopy  from  the  bag.  In  certain  instances  this  can 
be  overcome  by  use  of  a  protective  sleeve,  which  can 
be  pulled  inside-oat  by  the  deploying  canopy  to  reduce 
friction. 

2.4.2  PACKS.  Packs  protect  the  canopy,  pilot 
chute,  or  other  deployment  device  from  disarrangement 
and  damage  during  handling  as  well  ax  operation.  In 
some  installations,  packs  are  integral  with  the  sus¬ 
pended  load,  have  flush  openings,  and  mey  incorpo¬ 
rate  ejectioa  devices  to  initiate  or  aid  deployment. 
Requirements  for  satisfactory  packs  include: 

(1)  A  non-restricting  opening,  or  an  opening  that 
is  not  exceeded  by  any  internal  crosa-aectional 
area  perpendicular  to  the  direction  of  deployment; 

(2)  A  simple  design,  without  sharp  corners,  re¬ 
cesses,  or  sides  that  taper  inward  toward  the  area 
open  for  deployment; 

(3)  A  smooth,  low-friction  interior,  free  from  pro¬ 
trusions,  snags,  or  obstructions  to  canopy  or  lines; 

(4)  Provision  for  attachment  and  storage  of  pilot 
chntea,  if  used,  and  for  pilot-chute  bridle  cords; 

(5)  Provision  for  deployment  bag  or  sleeve; 

(6)  Provision  for  incremental  retention  of  canopy 
and  lines  in  proper  arrangement  without  shifting 
until  deployed; 

(7)  Rapid  and  complete  opening  to  prevent  damage 
to  the  canopy  during  first  phases  of  deployment; 

(8)  Positioning  of  the  pack  to  preclude  snagging 
on  any  portion  of  the  suspended  load  daring  de¬ 
ployment; 

(9)  Provision  either  for  passage  of  the  suspension 
lines  or  risers  through  the  pack  to  the  main  har¬ 
ness  (which  can  be  accomplished  through  the  base 
or  sides  of  the  pack),  or  for  placement  of  main  fit¬ 
tings  within  the  pack,  and  shielding  these  fittings 
to  prevent  snagging  or  tangling  with  canopy  or 
suspension  lines;  and 

(10)  Metal  packs,  if  used,  must  be  smooth  and 
provided  with  beaded  or  bevelled  edges  at  the 
area  open  for  deployment.  For  certain  applications, 
metal  packs,  so  constructed,  are  satisfactory. 

2.4.3  PRESSURE  PACKING.  The  application  of 
pressure  or  vacuum  on  a  parachute  canopy  is  a  method 
used  to  reduce  the  packed  volume  of  the  canopy  to  a 
practical  minimum.  This  method  of  packed-parachnte 
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volume-reduction  hue  proved  to  be  very  beneficial  to 
the  advancement  of  decelerator  application,  eapeciaily 
in  the  arena  of  special  weapons  and  aerospace-vehicle 
recovery.  There  are  three  basic  methods  of  pressure 
packing:  (1)  press  packing  -  -  this  method  of  preasure 
application  consists  of  a  mechanical  press,  utilising 
a  hydraulically  operated  piston,  to  obtain  optimum 
volume  reduction;  (2)  vacuum  packing  -  -  a  vacuum  is 
applied  to  the  system  and  the  atmospheric  pressure 
of  the  surrounding  air  is  used  as  the  pressurizing 
force;  and  (3)  lace  packing  -  -  a  mechanical-advantage 
lever  (“grasshopper”)  is  used  to  tighten  the  laces. 
The  significant  reduction  in  volume  is  dne  to  the 
large  circumferential  stress  applied  to  the  pack. 

'Che  basic  parameter  of  major  importance  in  all  para¬ 
chute  pressure-  or  vscuum-packing  techniques  is 
termed  pack  density.  Pack  density  is  defined  as  the 
ratio  of  the  packed  weight  of  the  system  to  the  packed 
volume  of  the  system,  and  serves  as  a  guide  in  de¬ 


termining  optimum  volume^eduction.  Values  of  pack 
density  versus  applied  preasure  are  approximately 
equal  for  different  types  of  caoopien.  Therefore,  the 
curve  shown  in  Kig.  7-14  is  applicable  for  any  type 

of  canopy. 

As  can  be  seen  from  Kig.  7-4,  the  greatest  pack- 
density  increase  can  be  achieved  in  the  pressure 
range  of  0  to  80  pai.  Only  minor  increase  in  pack 
density  is  obtained  with  a  considerable  increase  in 
pressure.  The  range  of  pack  densities  attainable  by 
the  three  methods  of  pressure  packing  are  tabulated 
in  Table  7-3. 

The  shape  into  which  the  canopy  is  to  be  packed 
has  a  significant  effect  on  the  attainable  pack  dena  SlX- 
Pack  densities  of  35  to  46  Ib/ft3  are  attainable  for 
cylindrical  shapes.  Pack  densities  not  exceeding  30 
to  35  lb /ft 3  are  recommended  for  irregular  or  rectang¬ 
ular  shapes. 

Rack  of  the  three  methods  (press,  vacuum, and  lace 


fig.  7-4  Parachute  Pack  Density  vs  Pack  Pressure 
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TABLE  7-3  COMPARISON  Of-  PACK -DENSITY  VALUES  WI  TH  CANOPY  PACKING  METHODS 


Method 

Applied 

Pressure 

Range  (paig) 

Max  ^ 

Volume 

Reduction 

Max 

Pack 

Density 

lb/ft3 

Aver 

Pack 

Density 

lb/ft3 

Hand  Pack 
(Uncompressed) 

1-2.5 

0 

21-23 

20 

Mechanical 

(Compressed) 

0-200 

50 

42-46 

41 

Vacuum 

(Compressed) 

0-15 

25-30 

30-33 

30 

I.ace 

(Compressed) 

0-40 

30-40 

33-39 

34 

packing)  has  its  limitations  and  disadvantages;  how¬ 
ever,  each  is  also  unique  in  its  advantages  (see  Table 
7-4).  Availability  of  the  three  methods  inukes  the  ap¬ 
plication  of  packed-parachute  volume-reduction  feasi¬ 
ble  for  a  majority  of  system  requirements. 

Press  packing,  for  example,  is  limited  by  the  in¬ 
ability  to  lace  the  pack  while  pressure  in  being  ap¬ 
plied;  but  this  method  gives  higher  pack  densities 
with  greater  packed  volume-reduction  than  other  meth¬ 
ods.  Vacuum  packing  is  limited  because  significant 
volume  reduction  cannot  be  achieved;  however,  this 
method  shows  great  promise  in  packing  irregular  shapes 
and  is  definitely  very  useful  when  the  packed  para¬ 
chutes  are  to  be  stored  for  snv  length  of  time  and 
shape  retention  is  necessary.  I.ace  packing  is  limited 
to  cylindrical  shapes,  but  considerable  volume  reduc¬ 
tions  can  be  obtained  by  experienced  packers  using 
the  "grasshopper”. 

SEC.  3  AERODYNAMIC  DECELERATOR 
SYSTEM  DESIGN  DETAILS 

Physical  differences  between  the  various  parachute 
types  are  primarily  those  of  construction  and  detail 
geometry.  For  all  parachutes,  materials  and  fabrication 
methods  are  more  or  leas  uniform.  A  few  parachute 
types  employ  special  members,  devices,  or  auxiliary 
mechanisms,  which  affect  the  performance  character¬ 
istics,  method  of  control,  and  installation  requirements. 

3.1  Poraehut*  Canopy.  A  parachute  canopy,  by 
definition,  consists  of  the  drag-producing  surface 
(cloth  area)  and  the  suapenaion  lines.  The  most  com¬ 
mon  types  of  drag-producing  surfaces  are  divided  in* 


to  identical  gores,  which  are  in  turn  divided  into  sec¬ 
tions.  The  shape  of  the  gores  determines  both  the 
constructed  and  the  inflated  shape  of  the  drag-pro¬ 
ducing  surface.  The  gores  may  be  constructed  of  solid 
fabric,  or  of  some  geometric  pattern  of  fabric  strips 
or  ribbon.  The  gores  are  joined  by  a  radial  seam  run¬ 
ning  from  the  vent  to  the  skirt.  Because  the  suspension 
lines  are  attached  to  the  skirt  nt  the  radial  seams  in 
a  majority  of  cases,  additional  strength  along  these 
seams  is  required.  This  strength  is  generally  obtained 
by  seam  reinforcement  with  webbing  or  tape.  In  cases 
where  this  strength  cannot  practically  be  obtained  in 
this  manner,  the  suspension  lines  are  extended  across 
the  drng-pn>d'icing  area.  In  some  cases  it  is  also 
necessary  to  add  reinforcements  to  critically  stressed 
portions  of  the  drag-producing  surface.  The  most  com¬ 
mon  form  of  reinforcement  consists  of  bands  along 
the  skirt  and  the  vent.  Additional  circumferential  re¬ 
inforcement  bands  are  sometimes  needed  at  intermedi¬ 
ate  locations  on  the  drag-producing  surface. 

3.1.1  DRAG-PRODUCING  SURFACE.  The  con¬ 
structed  shape  of  the  drag-producing  surface  varies 
widely  among  canopy  types.  This  difference  is  ef¬ 
fected  chiefly  in  the  layout  of  the  gore  pattern.  For 
rotationally  symmetrical  surfaces,  the  width  of  the 
gore  in  relation  to  its  radial  dimensions  determines 
whether  the  assembled  envelope  will  tend  to  restret 
the  diameter  or  allow  the  surface  to  assume  a  free 
inflated  shape. 

In  conventional  parachute  canopies,  the  included 
angle  of  the  gore  determines  whether  the  drag-produc¬ 
ing  surface  will  be  flat  or  conical.  The  tendency  of 
an  inflated  elastic  envelope  to  assume  a  curvature  of 
uniform  surface-tension  ensures  that  the  maximum 
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included  gore-angle  (projected)  will  always  be  equal 
to  360/n  degrees  (n  -  number  of  gores).  Of  course, 
variations  from  this  basic  pattern  of  radial  elements 
can  cause  the  drag-producing  surface  to  assume  any 
shape  desired. The  flat  circular  type  of  drag-producing 
surface,  which  is  made  in  the  form  of  a  regular  poly¬ 
gon  built  up  from  a  number  of  triangular  gores,  ia  a 
special  case  in  that  no  pre-ehaped  structural  limita¬ 
tions  are  placed  on  the  free  development  of  the  sur¬ 
face.  Assuming  that  the  length  of  the  suspension  line 
is  great  enough  to  have  only  a  negligible  effect  on 
the  inflated  profile,  the  skirt  will  tend  to  pull  inwurd 
to  an  equilibrium  position  where  each  gore  bulge  has 
a  semi-circular  cross-section.  Hiin  canopy  profile  is 
shown  in  Fig.  7-5.  If  the  number  of  gores  in  a  flat 
circular  drag-producing  surface  ia  large,  the  ratio  of 
the  projected  diameter  (measured  between  opposite 
gore  bulges)  to  the  constructed  diameter  is  approx¬ 
imately  0.7.  The  ratio  Dp/De  *  0.7  represents  a  good 
average  value  for  preliminary  design  purposes. 

The  free  inflated  shape  of  the  drag-producing  sur¬ 
face  is  not  readily  predicted  from  the  shape  of  the 
gore,  except  for  those  pattern  types  that  define  sur¬ 
faces  known  to  fall  entirely  within  the  envelope  of 
aeroelaatic  equilibrium.  Therefore,  in  designing  a  new 


canopy  for  a  desired  inflated  shape,  it  is  usually 
necessary  to  estimate  the  gore  pattern  on  the  basis 
of  experience  and  then  modify  it  after  building  and 
testing  the  first  experimental  model.  The  other  ap¬ 
proach,  which  is  the  more  common  one,  is  to  base 
the  gore  pattern  on  aoim:  easily  defined  or  aerody- 
namically  desirable  geometric  shape,  such  as  the 
sphere  or  cone,  and  evaluate  the  performance  of  what¬ 
ever  inflated  shape  might  result  from  it.  This  method, 
however,  also  may  not  produce  a  desired  shape  or 
certain  performance  characteristics  during  the  first 
attempt,  and  may  require  modification. 

3. 1.1.1  Strength  Requirements.  At  the  present  time, 
no  widely  applicable  system  exists  for  determination 
of  the  strength  required  to  prevent  failures  in  the  drag- 
producing  surface.  One  possible  method  for  determin¬ 
ing  analytically  the  forces  acting  in  the  plane  of  the 
fabric  in  the  drag-producing  surface  is  presented  in 
Sec.  9  of  Chapter  4.  A  second  and  strictly  empirical 
method  for  the  determination  of  the  approximate 
strength  requirements  for  a  drag-producing  surface 
is  based  on  the  strength  of  the  suspension  lines  cor¬ 
related  with  the  strength  of  the  drag-producing  sur¬ 
face,  assuming  a  number  of  gores  equal  to  Dg  +(3  or 


TABLE  7-4  COMPARISON  OF  PRESSURE  PACKING  METHODS 


)  ; 

'  Press  | 

Vacuum 

Lace 

.  i 

Advantages 

Advantages 

Advantages 

,  1.  Maximum  volume-reduction 

1.  Good  shspe-retention  ! 

1.  Limited  specialised 

2.  Good  shape-retention 

2.  Good  for  irregular  shapes 

l 

;  3.  Excellent  storage  ability 

!  equipment 

1 

1 

Disadvantages 

Disadvantages 

Disadvantages 

1.  Special  equipment  required 

1.  Packing  force  limited  to 

1.  Shape  limitations 

2.  Lace  limitations 

i 

i 

» 

i _ 

atmospheric  pressure 

2.  Special  non-permeable  pack 
needed 

3.  Problems  in  tying-off  bag 
without  losing  vacuum 

4.  Special  pumps,  gagea,  etc., 
required 

1  2.  Requires  experienced  packers 

!  3.  Heavily  reinforced  deployment 
bags  needed 

|  4.  Time-consuming 

i 

i 

t 

i 
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4),  remitting  in  an  even  number  of  gores,  and  that  a 
fairly  conntant  ratio  of  suspension-line  to  canopy- 
fabric  strength  is  chosen.  For  ribbon  canopies,  oper¬ 
ating  under  infinite-mass  conditions,  a  balanced  re¬ 
lationship  between  suspension  line  and  surface  ma¬ 
terial  may  be  taken  to  be  as  in  Table  7-5. 

For  all  other  types  of  parachute  canopies,  the  re¬ 
lationship  may  be  assumed  to  be  that  in  Table  7-6. 

Assuming  that  canopies  are  constructed  in  accord¬ 
ance  with  the  classes  outlined  above,  and  that  a  fair¬ 
ly  constant  ratio  of  auspension-line  strength  to  fabric 
strength  in  assured,  the  following  assumptions  can 
be  made: 


TABLE  7-5  RIBBON-PARACHUTE  MATERIAL 
STRENGTH  REQUIREMENTS 


Suspension-Line 

Ribbon 

Cl... 

Material 

Material 

(T.S.,  lb,  Nylon) 

(T.S.,  lb.  Nylon) 

1 

375 

100 

II 

550 

200 

III 

1500 

300 

IV 

2300 

500 

V 

4000 

1000 

VI 

6000 

1500 

VII 

9000 

2000 

VIII 

12000 

3000 

TABLE  7-6  MATERIAL-STRENGTH  REQUIREMENTS 
TOR  OTHER  THAN  RIBBON  PARACHUTES 

fmspeasion-Line 

Class  Msterial  Surface  Material 

(T.S.,  lb.  Nylon)  Nylon) 


1 

0 

m 

IV 

375 

550 

1500 

2300 

Fiaite-Mass 

Condition 

1.1 

1.6 

2.25 

3.5 

V 

4000 

4.75 

VI 

6000 

Infinite-Mass 

7.0 

vn 

9000 

Condition 

14.0 

vin 

12000 

14.0 

(i) 

I -oases  of  strength 

in  suspension 

lines  due 

to  sewing  and  attachment  of  fittings  and  reinforce¬ 
ments  generally  amount  to  between  20  and  35  per  cent 
of  the  original  strength,  depending  upon  the  type  of 
line  (webbing,  braided  cord,  etc.)  and  the  method  of 
stitching  being  used. 

(2)  Parachute  deployment  and  inflation  sequences 
cannot,  at  present,  be  considered  so  perfect  as  to 
allow  assumption  of  ideal  and  equal  distribution  of 
load  throughout  the  parachute  canopy  during  the  open- 
ing  process;  some  portions  of  the  canopy  receive 
loads  disproportionately  high  in  comparison  with  the 
loads  imposed  on  other  portions.  In  order  to  compen¬ 
sate  for  uneven  load  distribution,  a  safety  factor 
(Table  7-1)  should  be  applied. 

For  flat  circular  ribbon  canopies,  test  data  pro¬ 
vide  a  more  accurate  method  for  determining  the  re¬ 
quired  strength  of  the  horizontal  ribbons  for  a  given 
ratio  of  opening  shock  ( Fo )  to  drag  area  (CO-SJ  to 
skirt  gore  width.  This  relationship  is  shown  in  Fig. 
7-2.  If  the  required  strength  is  above  the  curve  limit. 
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the  next  higher  ribbon-etrength  should  be  used,  or,  in 
aome  cases,  reinforcement  should  be  used  with  the 
horixontal  ribbons.  Tests  show  that  graduating  the 
ribbon  strength  —  placing  ribbons  with  lower  strength 
at  the  skirt  area  and  ribbons  with  the  higher  strength 
near  the  vent  where  the  stresses  in  the  canopy  are 
greatest  —  does  not  affect  the  reliable  inflation  and 
descent  characteristics  of  the  canopy.  A  canopy  con¬ 
structed  in  this  manner  will  have  a  higher  volnme  and 
weigLt  efficiency  than  a  canopy  which  utilises  the 
same-strength  ribbon  material  over  the  entire  drag- 
producing  surface. 

Flat  circular  drag -producing  surfaces  show  increas¬ 
ing  fabric  tension  along  the  gore  anrface,  moving  in¬ 
ward  from  skirt  to  vent.  Although  various  construction 
techniques  are  employed  to  provide  fabric  fullness 
in  the  vent  area,  it  in  well  established  that  opening- 
shock  damage  usually  appeals  first  ia  the  area  around 
the  vent. 

3.1.2  CORF  DESIGN.  In  the  past,  gores  designed 
by  attempting  to  derive  gore  coordinates  analytically 
have  not  been  too  successful  ia  predicting  the  per¬ 
formance  of  the  resulting  canopy.  This  may  be  attrib¬ 
uted  mainly  to  the  large  number  of  variables  involved 
ia  the  physical  process  of  canopy  functioning.  Ex¬ 
perience  has  shown  that  descriptive  geometry  remains 
the  most  direct  sad  satisfactory  method  of  gore  de¬ 
signing,  particularly  when  it  is  supported  by  test 
observation. 

If  the  shape  of  a  drag-producing  surface  is  to  be 
designed,  rather  than  adopting  some  approximate 
geometrical  construction,  a  number  of  considerations 
are  applicable.lt  may  first  be  assumed  that  the  primary 
design  objective  is  to  obtain  maximum  drag  efficiency 
in  combination  with  a  defined  degree  of  stability.  The 
attainment  of  a  good  drag  efficiency  implies  a  low 
openiag-ahock  characteristic  and  adequate  distribution 
of  fabric  stresses  so  that  minimum  weight  materials 
may  be  used.  Hie  attainment  of  a  good  degree  of 
stability  may  require  an  inverted  conical  akirt,  both 
conical  skirt  and  a  flattened  roof,  geometric  porosity, 
or  both  a  conical  skirt  and  limited  geometric  porosity. 
On  the  other  hand,  the  attainment  of  a  good  drag  ef¬ 
ficiency  also  requires  that  the  projected  area  relative 
to  total  surface  area  (Sp/SQ)  be  a  maximum,  and  that 
the  total  porosity  be  a  minimum. 

3.1.3  SUSPENSION  LINES.  Depending  upon  the 
purpose  and  choice  of  the  designer,  the  length  of 
suspension  lines  (L#)  to  be  used  with  different  types 
of  drug-producing  surfaces  may  vary.  For  nearly  all 
known  canopy  types,  suspension-line  lengths  range 
between  0.7  and  1.3  0o.  One  parameter  which  may 
influence  the  proper  choice  of  suspension-line  length 
is  the  effect  of  primary -body  wake.  As  shown  in  Chap¬ 


ter  4,  canopies  should  be  inflated  a  minimum  of  three 
vehicle-diameters  behind  the  primary  body  in  subsonic 
flow  and  eight  vehicle-diameters  in  enpersonic  flow. 
Testa  show  (Ref  (7-5))  that  the  influence  of  suspen¬ 
sion-line  length  on  the  inflated  shape  of  the  drag- 
producing  surface  and  its  performance  generally  in 
grentest  up  to  a  ratio  of  /-4/0o  ”  1.0,  with  minor  chang¬ 
es  in  drag  coefficient  and  stability  still  observed  up 
to  a  ratio  of  Ls/f)0~ 2.0  (Ref  (7-6)). 

For  purposes  of  comparative  evaluation,  a  ratio  of 
La/D0-l.O  (Ref  (7-6))  is  commonly  used;  however, 
shorter  and  longer  suspension-line  lengths  have  been 
used  in  service.  The  effect  of  suspension-line  length 
on  projected  diameter  for  a  flat  circular  canopy  and 
on  the  drag  coefficient  for  various  types  of  canopies 
ia  illustrated  in  Fig.  7-6.  Since  some  variation  of 
effect  occurs  from  type  to  type,  it  is  good  practice  to 
determine  and  specify  the  optimum  length  of  suspen¬ 
sion  line  to  be  used  with  each  type  of  drag-producing 
anrface  in  relation  to  the  specific  function  which  it 
ia  to  perform. 

The  suspension -line  system  can  be  considered  as 
a  group  of  tension  members  which  extend  from  the 
skirt  of  the  drag-producing  surface  to  the  riser  con¬ 
nection  point.  Prior  to  line  stretch,  the  lines  are  ex¬ 
tended  by  the  drag  of  the  drag-producing  surface  and 
assume  many  shapes  other  than  straight.  As  the  drag 
load  is  increased  to  a  maximum,  the  lines  are  so 
straightened  that  the  only  load  considered  is  the  oae 

transmitted  from  the  drag-prodnciag  surface  to  the 
riser.  Assuming  that  the  load  is  uniformly  distributed 
among  number  (Z)  of  lines,  the  load  per  liae  is  de¬ 
termined  by  the  geometrical  configuration  of  the  etruc- 


(7-7)  \2*Lm 

line  Z  cos  Kyi 2) 

This  is  true  at  any  time  during  the  descent  period 
so  long  as  the  lines  are  assumed  to  be  straight.  In 
service,  the  maximum  line  load  may  occur  at  a  drag 
value  less  than  the  maximum,  since  it  ia  possible 
that  the  maximum  drag,  F0,  and  the  maximum  con¬ 
fluence  angle,  y,  do  not  occur  at  the  same  time.  Hie 
most  severe  line-loading  condition  would  moult  from 
a  maximum  drag  sad  maximum  confluence  eagle.  The 
maximum  possible  angle  is  that  based  oa  an  uaex- 
teaded  suspension  line  and  the  month  diameter  in  the 
fully  distended  position.  This  distension  beyond  a 
steady-state  position  is  common  ia  many  types  of 
canopies  (e.g.,  flat  circular),  while  in  ethers  (e.g., 
guide-surface)  it  is  not  as  Severn.  The  distension  is 
commonly  disregarded  and  the  confluence  angle  is 
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Fig.  7-6  Effect  of  Suspension  Line  Length  on  Projected  Diameter  for  Flat  Circular  Canopy  and  on  Drag 
Coefficient  for  Various  Canopy  Types 


baaed  on  the  unstretched  line  length  and  the  skirt 
diameter  Ds,  or  the  inflated  projected  diameter  Dp, 
in  the  steady-state  condition. 

Recause  of  the  extreme  variation  in  opening  char¬ 
acteristics,  the  ideal  case,  in  which  it  is  assumed 
that  the  total  load  is  uniformly  distributed  among  the 
lines,  is  seldom  achieved.  For  all  practical  purposes 
however,  the  load  to  be  expected  in  the  lines  can  be 
predicted,  aud  a  suitable  textile  material  can  be  se¬ 
lected.  Hie  method  of  attaching  the  suspension  line 
to  the  drsg-producing  surface  greatly  affects  the 
strength  available.  The  two  major  attachment  points 
are  the  junctors  of  the  suspension  line  and  the  skirt 
of  the  drag-producing  surface,  and  the  juncture  of  the 
suspension  line  and  riser.  These  attachment  points 
are  discussed  in  detail  in  Sec.  3  of  this  chapter. 

3.1 .4  CANOPY  DESIGN  FACTORS.  Design  factors 
for  parachute  canopies  may  vary  for  different  appli¬ 


cations.  Since  every  effort  should  be  made  to  design 
a  balanced  canopy,  identical  design  factors  apply 
to  both  the  suspension  lines  and  the  drag-producing 
surface.  The  suspension  line  is  selected  on  the  baais 
of  its  static  breaking  strength.  Although  the  actual 
breaking  strength  of  the  material  is  often  greater  than 
the  minimum  value  in  the  specification  (see  Chapter 
6),  the  strength  is  commonly  based  on  the  latter  value. 
The  breaking  strength  of  each  suspension  line  may 
be  expressed  by  the  equation 


(7-8) 


Strength 


Z-u-o-e-k 


where  F0  ■  Maximum  opening  force; 

/  -  Safety  factor; 

Z  -  Number  of  suspension  lines; 


378 


c  --  Factor  related  to  auapenaion  line  con¬ 
vergence  angle; 

u  -  Factor  involving  the  atrength  Ions  nt 
the  connection  of  auapenaion  line  and 
drag-producing  aurface  or  riaer 
respectively; 

o  -  Factor  related  to  atrength  Iona  in  ma¬ 
terial  from  water  and  water  vapor  abaorp- 
tion; 

e  -  Factor  related  to  atrength  loan  by 
abraaion;  and 

k  «  Factor  related  to  atrength  Iona  by  fatigue. 

The  value  of  theae  factors  variea  for  different  canopy 
applicationa,  aa  tabulated  in  Table  7-1.  The  factor  r, 
which  ia  related  to  suspension-line  convergence  angle, 
will  change  with  suspension  line  length.  For  L  ■ 
the  factor  c  ia  approximately  1.055. 

3.1.5  FIJVT  CIRCULAR  CANOPY.  The  flat  circu¬ 
lar  canopy  may  he  generally  described  aa  a  regular 
polygon  of  five  or  more  sides.  The  drag-producing 
aurface  is  made  up  of  a  number  of  triangular  gores 
stitched  together.  The  joints  form  the  radial,  or  main 
seams.  The  central  vent,  which  facilitates  ease  of 
construction  of  the  drag-producing  surface,  has  an 
area  of  less  than  one  per  cent  of  the  total  cloth  aren 
(S0).The  skirt  and  vent  hems  are  reinforced  by  rolling 
a  tape  or  webbing  inside  the  hem.  Each  gore  may  be 
made  of  a  single  piece  of  cloth  (block  cut)  or  of  sev¬ 
eral  sections  cut  on  the  bias  and  joined  selvage  to 
selvage,  forming  a  star  pattern  of  diagonal  seams  in 
the  finished  assembly.  Bias  construction  is  preferred 
because  of  its  higher  structural  strength.  Fig.  7-7 
shows  the  planfurm,  shape,  and  gore  of  a  typical  flat 
circular  canopy.  The  suspension  lines  are  generally 
sewn  to  the  skirt  at  the  main  seams  and  so  are  equal 
in  number  to  the  number  of  gores.  After  passing  through 
the  channel  formed  by  the  main  seam,  the  suspension 
lines  are  again  fastened  at  the  vent,  pass  across  the 
vent  of  the  drag-producing  surface,  and  follow  inside 
the  channel  formed  by  the  opposite  scam;  two  sus¬ 
pension  lines  are  thus  formed  by  a  single  continuous 
length  of  material.  Generally,  the  radial  length  of  the 
line  when  it  crosses  the  canopy  is  made  approximately 
5  per  cent  lens  than  the  radius  of  the  drag-producing 
aurface,  providing  fabric  fullness  to  relieve  radial 
stresses  in  the  gores.  When  the  number  of  gores  is 
less  than  approximately  twenty-four,  the  total  cloth 
or  design  surface  area  may  be  more  accurately  de¬ 
termined  from  the  formula 

(7-9)  S  -  «r  D2 

0  o  o 


sym.  about  c 


i 


Fig.  7-7  Flat  Circular  Canopy 

where  no  =  Polygon  shape  factor  for  number  of  sides; 
and 

/)  «  Nominal  diameter  of  the  canopy. 

Values  for  the  polygon  shape-factor  as  related  to  the 
number  of  gores  in  a  flat  circular  drag-producing  sur¬ 
face  are  tabulated  below. 


Number  of  Gores  no 


5  2.378 

6  2.598 

8  2.828 

10  2.939 

12  3.000 

16  3.062 

20  3.090 

24  3.106 

<  3.140 


3.1.6  GUIDE-SURFACE  TYPE  CANOPIES. 

3.1. 6.1  Personnel  Guide-Surface  Canopy.  The  per¬ 
sonnel  guide-surface  canopy  was  developed  for  drag 
efficiency  equivalent  to  that  of  the  flat  circular  cano¬ 
py,  with  improved  stability  and  lower  opening-shock 
characteristics.  This  design  goal  was  achieved  by 
improving  the  aerodynamic  stability  through  shaping 
of  the  extensions  to  form  guide  surfaces.  The  canopy 
was  use!  as  the  standard  personnel  escape  canopy 
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fig.  7-fl  Pertomel  Guide-Surface  Ctmopy  7-9  Ribbed  Guide-Surface  Cmopy 


■a til  requirement  for  "on  the  deck”  operation 
generated  a  need  for  caaopiea  with  opening  timea 
lean  than  thoae  which  coaid  be  obtained  with  the 
peraoaaei  gnide-anrfnce  type.  The  present  personnel 
guide-surface  caaopy.  Type  C-10,  was  developed 
from  flat  circalar  drag-prodncing  surface  28  feet  in 
diaaMtar,  aad  contains  24  gorea.  The  solid  portion 
of  the  drag- prod  Being  surface  ie  made  slightly  conical 
by  removing  four  of  the  original  28  gores.  Twenty  per 
cent  interference  extensions  are  added  to  each  alter¬ 
nate  gore.  At  presoot,  the  percentage  of  akirt  exten¬ 
sion  caoaot  be  calcalated  and  must  be  experimentally 
determined  for  each  particular  application.  The  in¬ 
flated  shape  aad  gore  layout  of  thin  canopy  type  are 
shown  in  Fig.  7-8. 

3. 1.6.2  Ribbed  Guide-Surface  Canopy.  This  cano¬ 
py  is  made  of  solid  cloth  with  a  relatively  flat  roof 
section  aad  an  inwardly  sloped  conical  shaped  surface 
extending  downward  from  the  roof  along  the  suspen¬ 
sion  iiaea.  Ia  order  that  the  drag-prodncing  surface 
might  form  the  guide-surface  aad  flow-separation  edge 
required  for  stabilisation,  ribs  are  placed  between 
tbe  roof  and  guide  surface  sections  and  the  suspen¬ 
sion  linos.  The  roof  and  guide-surface  panels  are 
made  of  low-porosity  cloth  cut  on  the  bias  at  an  angle 
of  45  deg  to  the  central  axis  of  the  gore.  Little  or  no 


vent  opening  is  provided.  The  plaaform  and  shape  of 
the  typical  ribbed  guide-surface  caaopy  is  shown  ia 
Fig.  7-9.  Layouts  for  the  roof  panel,  gnide-surface 
panel,  aad  rib  for  a  stabilisation-type  ribbed  guide - 
surface  canopy  are  illustrated  in  Fig.  7-10. 

3.1 .6.3  Riblett  Guide-Surface  Caaopy.  The  rib- 
leas  gaide-sarface  caaopy  is  a  refinement  of  the  rib¬ 
bed  gaide-sarface  caaopy  aad  is  designed,  as  the 
name  implies,  without  ribs.  The  planform,  shape,  and 
gore  of  a  typical  ribless  guide-surface  canopy  are 
shown  in  Fig.  7-11.  Dimensions  for  roof  and  guide- 
surface  panels  depend  a  poo  both  diameter  aad  gore 
number  of  the  diag-producing  surface.  Dimensional 
factors  utilised  in  the  design  of  the  roof  and  guide- 
surface  panels  for  ribless  guide-surface  canopies  with 
6,  8,  10,  12,  14,  16,  and  20  gores  are  shows  in  Fig. 
7-12.  In  other  respects,  the  design  of  this  canopy 
parallels  that  of  the  ribbed  guide-surface  caaopy. 

3. 1.6.4  Modified  Riblett  Guide-Surface  Caaopy. 
The  modified  ribless  guide-surface  canopy  is  similsr 
in  constructed  shape  to  the  ribless  guide-surface  type, 
differing  only  ia  that  the  gores  are  constructed  from 
one  pattern  rather  than  two.  This  single  pattern  de¬ 
sign  allows  for  ease  in  construction,  but  reduces  to 
some  extent  the  desirable  performance  characteristics 
of  tbe  two-patteia  ribleen  guide-surface  design.  Hie 
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fifr  7-10  Layout  for  Roof  Panel,  Guide-Surface 
Panel,  and  Rih  for  Stabilization  Ribbed 
Guide-Surface  ('enopy 


■ingle  pattern  design  produces  a  relatively  smooth 
junction  of  the  roof  and  guide  panels  of  the  canopy 
when  compared  with  the  two-pattern  design.  Thia 
eliminates  the  well-defined  flow-separation  edge  and 
reduces  the  projected  diameter,  thus  detracting  from 
the  drag-producing  and  stability  characteristics  of 
the  ribless  design.  A  typical  gore  planform,  along 
with  dimensional  factors  utilized  in  the  design  for 
it  modified  riblesa  guide-surface  canopy  with  6,  8,  10, 
and  12  gores  is  shown  in  Fig.  7-13. 

3.1.7  RXTKNDKD -SKIRT  CANOPY.  Originally, 
the  extended-skirt  parachute  canopy  was  made  by 
modifying  n  flat  circular  canopy  with  a  restricted  ex¬ 
tended  section  attached  to  the  skirt  hem  in  such  a 
manner  as  to  decrease  slightly  the  normal  convergence 
angle  of  the  suspension  lines  at  the  extension  hem. 
In  present  designs,  the  gore  is  created  by  the  con¬ 
struction  of  a  "joined  gore’’  which  consists  of  a  tri¬ 
angular  portion  and  an  added  trapezoid.  The  geometry 
of  the  skirt  extension  varies  slightly  with  different 
types  of  extended-skirt  parachutes.  In  "in  rase,  it 
is  geometrically  similar  to  the  low*  •  on  of  the 
triangular  section,  while  in  the  oti»<  i  case,  the  slant 
height  of  the  trapezoid  follows  the  direction  of  imagi¬ 
nary  lines  which  would  connect  the  end  points  of  the 
triangular  section  of  the  gore  with  the  confluence 
point  of  the  suspension  lines.  In  the  former  case,  the 
base  angle  of  the  triangular  section  and  those  of  the 


Big.  7-11  Ribless  Guide-Surface  Canopy 

trapezoid  are  identical.  Canopies  built  with  these 
gores  are  sometimes  referred  to  as  Flat  K.xtended- 
Skirt  Canopies.  In  the  latter  case,  the  base  angles 
of  the  triangular  and  trapezoidal  sections  are  not 
equal  and  canopies  of  this  design  are  referred  to  as 
Full  Extended -Skirt  Canopies.  F.xtended-skirt  lengths 
vary  from  10  to  151  of  the  major  flat  diameter  of  the 
drag-producing  surface.  The  planform,  shape,  and 
gore  of  a  typical  extended-skirt  canopy  are  shown  in 
Fig.  7-14.  In  other  respects,  the  design  of  this  canopy 
type  parallels  that  of  the  flat  circular  canopy.  For 
most  efficient  canopy  operation  and  performance,  a 
suspension  line  length  of  Ls  =0.95  D0  is  recommended. 

3.1.8  RIHI10N  CANOPY.  The  ribbon  canopy  (flat 
circular  type)  is  composed  of  concentric  ribbons  sup¬ 
ported  by  a  number  of  radial  ribbons,  which  transmit 
the  loads  to  the  suspension  lines  (Ref  (7-10)).  The 
planform  and  shape  of  a  typical  flat  circular  ribbon 
canopy  are  illustrated  in  h  ig.  7-15.  As  in  the  con¬ 
ventional  flat  circular  canopy,  the  gores  of  a  flat 
circular  ribbon  canopy  are  constructed  as  flat  tri¬ 
angles  -  -  the  gore  construction  is  illustrated  in  Fig. 
7-16.  The  gores  consist  of  wide  ribbons  running  paral¬ 
lel  to  the  skirt  (horizontal  ribbons),  and  of  narrow 
tapes  sewed  perpendicular  to  the  skirt  and  the  hori¬ 
zontal  ribbons  (vertical  tapes).  The  horizontal  rib¬ 
bons  are  the  main  drag  generators;  the  narrow  vertical 
tapes  serve  only  to  space  anJ  control  the  horizontal 
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ribbons.  The  gores  are  interconnected  by  radial  rib¬ 
bons  which  extend  from  vent  to  skirt  and  overlap  the 
horizontal  ribbons  of  two  adjoining  gores. 

The  filling  time  of  this  canopy  may  be  extended  by 
increasing  the  spacing  of  the  vertical  tapes;  this  also 
reduces  the  opening  shock  appreciably.  Variation  in 
spacing  of  the  horizontal  ribbons  affects  total  porosity 
of  the  drag- producing  surface  and,  consequently,  sta¬ 
bility.  Total  porosity  includes  both  geometrical  and 
fabric  porosity,  the  former  being  produced  by  ribbon¬ 
spacing  and  the  latter  by  weave  and  composition  of 
the  ribbon  itself.  Varying  total  porosities  are  required 
for  ribbon  canopies  of  varying  diameter,  and  for  dif¬ 
ferent  applications.  In  general,  as  the  diameter  in¬ 
creases,  the  total  porosity  must  decrease  in  order 
to  achieve  a  constant  drag  coefficient,  constant  sta¬ 
bility, and  relatively  constant  opening  characteristics. 
Fig.  7-17  shows  the  relationship  between  total  poros¬ 
ity,  and  canopy  diameter  for  various  applications. 

The  width  of  horizontal  ribbons  is  generally  2  in. 
for  canopies  with  nominal  diameters  larger  than  4  ft. 
The  number  of  horizontal  ribbons  in  canopies  is  de¬ 
termined  by  ribbon  width  and  geometric  porosity. 

Distance  between  the  vertical  tapes  is  generally 
determined  by  the  filling  time  required  for  the  canopy 
to  obtain  a  certain  opening  shock,  or  a  certain  mini¬ 
mum  loss  of  altitude  during  inflation,  or  both.  The 
following  vertical  tape  spacinga  are  recommended: 

(1)  5-6  in.,  without  center  vertical  tape  for  cano¬ 
pies  for  low-speed  applications  (finite-mass  cases). 

(2)  4-5  in.,  for  canopies  used  for  aircraft -approach 
and  aircraft-deceleration  applications. 

(3)  2-4  in.,  for  canopies  required  to  open  rapidly 


and  for  applications  at  high  dynamic  pressures. 

In  porosity  calculations,  the  influence  of  ribbon  per¬ 
meability  (mechanical  porosity)  must  be  taken  into  con¬ 
sideration,  if  porous  ribbons  are  used. The  total  poros¬ 
ity  of  the  drag-producing  surface,  ,  is  expressed  as 
per  cent  and  is  determined  from  the  ratio  of  the  porous 
area  (including  ribbon  permeability)  to  the  total  drag- 
producing  surface  area.  It  has  been  empirically  estab¬ 
lished,  thst  a  ribbon  permeability  of  27.4  cu  ft  per 
aq  ft  per  min  is  equivalent  to  a  geometric  porosity  of 
one  per  cent.  The  total  porosity  of  a  canopy  may  then 
be  expressed  in  per  cent,  as: 

(7.10) 

A  method  of  calculation  of  geometric  porosity  has 
been  established;  its  application  is  illustrated  in 
Chapter  12. 

3.1.9  CONICAL  RIBBON  CANOPY.  Experimental 
tests  with  flat  circular  ribbon  canopies  at  high  dy¬ 
namic  pressures  nnd  under  high  canopy  loading 
(I F/CpS)  conditions  have  indicated  the  desirability  of 
effecting  better  load  distribution  in  the  canopy.  One 
solution  (Ref  (7-11),  (7-12),  (7-13))  is  the  development 
of  a  shaped  or  conical  design.  Such  a  design  was  first 
realized  by  removing  a  certain  number  of  gores  from 
a  flat  circular  design.  This  provides  more  efficient 
strength  distribution  than  the  flat  circular  canopy  for 
certain  applications,  such  as  special-weapon  decel¬ 
eration.  A  gore  design  evolved  that  produced  the  de¬ 
sired  conical  inflated  shape  of  the  canopy  as  shown 
in  Fig.  7-18.  The  gore  design  for  the  conical  ribbon 
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Fig.  7-12b  Pattern-Dimension  Factors  for  Ribless  Guide-Surface  Canopy  (Ratios) 


DIRECTION  OF 
WARP  OR  FILL 


NOTE: 

U)  THE  PATTERN  DIMENSIONS 
DO  NOT  INCLUDE  SEAM 
ALLOWANCE. 


CORK  PATTERN  -  MODIFIED  RIBl.ESS 


Panda  X/XQ  .1  .2  .3  .4  .5  .6  .65  .7  .711  .75  .792  .796  .8  .9  .988  1.0 

6  Y/X  592  .  594  .596  .599  .602  .628  .694  .717  .673  .625  .542  .482 

8  Y/X  .492  .  495  .500  .500  .501  .512  .543  .585  .657  .713  .710  .611  .534 

10  Y/X  .456  .461  .465  .  467  .469  .473  .496  .532  .617  .686  .674  .  587  .515 

12  Y/X  .402  .406  .408  .  410  .419  .434  .  477  .  549  .658  .657  .571  .504 

NOTE:  (1)  For  6-panel  design,  XQ  -  0.70  Dnm  (2)  For  8-,  10-,  and  12-panel  designs,  XQ  -0.55  Dmm% 
(3)  For  6-,  8-,  10-,  and  12-panel  deaigna,  the  following  appliea: 


K,  - 


where  N  -  number  of  gorea 


-  0.50.  Kj  R  -  0.1  0mmx 

^  *£•  7-J3  Pattern -Dimension  Factors  for  Modified  Ribless  Guide-Surface  Canopy 


canopy  in  obtained  from  the  porosity  calculation  an 
illuatrated  in  Chapter  12.  Testa  conducted  under  in- 
finite-maaa  conditiona  ahow  a  slight  decrease  in  drag 
coefficient  with  increasing  cone  angle  (Ref  (7-14)). 

3.1.10  RING-SLOT  CANOPY.  The  drag-producing 
aurface  of  a  ring-slot  canopy  consists  of  polygonal 
cloth  rings  joined  together  by  radial  tapes  to  provide 
open  spaces  or  slots  between  rings.  The  plan  form  and 
inflated  shape  of  a  typical  ring-slot  canopy  are  shown 
in  Fig.  7-19.  A  typical  gore  of  a  four-slotted  ring-slot 
canopy  is  shown  in  Fig.  7-20,  with  the  principal  com¬ 
ponent  parts  and  dimensions  indicated.  The  selection 
of  total  poroeity  of  the  drag-producing  eurface  is,  as 
for  the  ribbon  canopy,  dependent  on  the  stability  end 
opening  characteristics  required.  The  range  of  recom¬ 


mended  total  porosity  for  the  drag-producing  surface 
ie  shown  in  Fig.  7-21.  Geometric  porosity,  the  major 
component  of  total  porosity,  i«  the  ratio  of  total  slot 
and  vent  areas  to  the  total  canopy  area.  Even  distri¬ 
bution  of  the  geometric  porooity  is  an  important  factor. 
Tests  show  that  slots  equally  spaced  between  vent 
and  skirt  produce  the  most  satisfactory  results.  The 
total  slot  area  of  the  drag-producing  surface  may  be 
determined  from: 

(7-11)  Sx  -  XgSa  -  s„ 

where  SX  -  Total  slot  area  in  square  feet;  and 

A  -  Geometric  porosity  expressed  as  a  decimal 
6 


"  typc ml  OOftf 


h',K.  7- I  t  FxtrnUrd  Skirt  Canopy  Fig.  7-/5  Flat  Circular  Ribbon  Canopy 


Dividing  thin  total  slot  area  by  the  number  of  gores 
results  in  the  slot  area  required  for  each  gore.  TT»e 
design  problem  then  requires  balancing  the  number 
and  height  of  the  cloth  sections  and  the  slot  width 
to  obtain  the  required  diameters  and  ulot  urea.  The 
cloth  sections  are  cut  in  the  form  of  trapezoids,  with 
the  warp  of  the  cloth  parallel  to  the  parallel  sides. 
Although  the  aectioa  height  may  be  any  value  desired, 
the  cloth  yardage  is  most  efficiently  used  if  cut  into 
quarters,  thirds,  halves,  or  used  ia  full  width.  Verti¬ 
cal  ribbona,  sometimes  called  vertical  tapes,  are 
usaally  placed  from  the  vent  to  the  akirt,  down  the 
center  of  each  gore. 

3.1.11  SIIAPEO-GORK  CANOPIES.  The  shaped- 
gore  type  of  drag-produciag  surface  was  desifped  to 
achieve  maximum  drag  efficiency,  aa  described  in 
3.1.2  of  this  chapter.  Once  the  desired  inflated  pro¬ 
file  of  this  canopy  type  has  been  defined,  several 
specific  considerations  become  pertinent  to  the  de¬ 
termination  of  the  gore  coordiaatea.  The  drag -prod  sc  - 
ing  surface  may  firat  be  treated  as  a  surface  of  revolu¬ 
tion  generated  by  the  deaired  profile  aa  illustrated  in 
Fig.  7-22.  When  a  suitable  number  of  gone  has  been 
assiped,  the  gore  width  at  any  radian  is  defined  as 
the  length  of  the  arc 

(7-12)  a-(2»r)/n 


Fig.  7-/6  Gore  Construction  of  Flat  Circular  Ribbon 
Canopy 
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/■'i*.  7-/7  Total  Porosity  »•*  Canopy  Diameter  for  Flat  Circular  Ribbon  Canopies 


and  the  ordinate  at  distance  S  ia 

(7-13)  v  ■  °^2  -  rt  r / n 

If  additional  fallneaa  is  desired  between  the  main 
seams,  a  bulge  radius,  rb,  may  be  defined  to  establish 
the  slightly  greater  gore  width,  d,  of  the  lobed  sur¬ 
face.  This  bulge  radius  must  be  established  with  due 
allowance  for  the  elasticity  of  the  fabric  and  the  fur¬ 
ther  effect  of  shortened  suspension  lines  over  the 
drag-producing  surface.  A  lobe  may  be  produced  at 
the  periphery  by  a  local  widening  of  the  gore  in  the 
region  of  a  max  (cue  Fig.  7-22);  however,  the  effect 
on  the  inflated  shape  cannot  be  predicted  with  any 
certainty  and  model  tests  must  be  conducted  so  that 
suitable  adjustments  of  the  gore  pattern  may  be  de¬ 
termined  by  measurement. 

The  design  of  shaped-gore  canopies  has  become 
increasingly  important  when  operation  at  supersonic 
speeds  is  required.  At  supersonic  speeds  conventional 
flat  circular  ribbon  designs  produce  a  reduced  in¬ 
flated  canopy  diameter  when  compared  with  the  in¬ 
flated  diameter  in  subsonic  flow,  and  exhibit  violent 
pulsation  of  the  drag-producing  surface  and  higher 
horizontal  ribbon  flutter  (Ref  (7-15)).  A  shaped-gore 
canopy  design,  the  ribbon  llemisflo,  alleviates  these 
undesirable  performance  characteristics  by  altering 


the  shape  of  the  inflated  canopy  to  approximate  the 
shape  which  the  flat  circular  canopy  tends  to  assume 
in  supersonic  flow,  and  shortens  the  free  length  of 
horizontal  ribbons  in  the  vicinity  of  the  skirt.  The 
design  of  the  ribbon  llemisflo  is  presented  in  Chap¬ 
ter  12. 

3.2  Pocket  Bonds.  The  use  of  pocket  bands  is 
recommended  to  assist  in  the  inflation  of  ribbon  and 
ring-slot  canopies.  Pocket  bands  provide  for  a  more 
rapid  inflation  rate,  end  allow  the  canopy  to  be  de¬ 
ployed  at  speeds  below  its  minimum,  non-pocket-bnnd- 
design  opening-velocity.  Use  of  pocket  bands,  in  ef¬ 
fect,  reduces  the  design  porosity  of  the  canopy  be¬ 
tween  8  and  10  per  cent.  Fig.  7-23  shows  the  general 
configuration  of  pocket  bands  and  values  for  the  free 
length,  La,  of  the  pocket  band  for  any  given  number 
of  suspension  lines.  Strength  of  the  pocket  bands 
should  always  be  at  least  50  per  cent  of  that  of  the 
suspension  lines  used. 

3.3  Risers.  The  riser  system  is  commonly  com¬ 
posed  of  one  or  more  members  of  heavy  webbing,  which 
extend  between  the  lower  end  o'  the  suspension-line 
system  and  the  load,  and  of  any  metal  interconnection 
fittings  that  may  be  required.  Since  the  individual 
webbing  members  are  considered  parallel  while  under 
load,  the  maximum  load  is  simply  the  drag  load,  which 
is  usually  considered  as  the  opening-shock  load.  The 
general  equation  for  the  load  on  each  riser  is  then 
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sion;  and 

k  -  Factor  related  to  strength  loaa  by  fatigue. 

Actual  values  for  these  factors  may  be  obtained  from 
Table  7-1. 

The  weakest  point  in  the  riser  system  is  generally 
not  the  webbing  itself,  but  the  junctions  with  other 
parts  of  the  assembly.  The  moat  common  typ».  of  joint 
in  uae  is  one  in  which  the  webbing  ia  looped  around 
a  circular  bar  of  some  form  of  hardware  and  sewed  to 
itself.  The  diameter  of  the  metal  link  has  been  found 
to  have  nn  effect  on  the  efficiency  of  the  joint;  the 
cffi  ciency  generally  decreases  aa  the  bolt  diameter 
decreases.  The  efficiency  of  various  3,000-lb  webbing 
loops  as  affected  by  the  bolt  diameter  is  presented 
graphically  in  Figure  7-24. 

3.4  Keeper.  The  keeper  in  the  suspension-line  or 
riser  system  is  an  integral  unit  which  maintains  the 
desired  ratio  of  suspension -line  length  to  diameter 
for  optimum  parachute  performance,  and  re¬ 
inforces  the  line  confluence  point.  The  keeper  is 
generally  fabricated  of  the  same  type  of  material  ns 
the  riser,  although  usually  of  a  lower  rated  strength, 
depending  upon  the  construction  and  application  of 
the  riser.  For  the  majority  of  applications,  a  keeper 
material  having  approximately  30  per  cent  of  the  rated 
strength  of  the  individual  riser  webbings  ie  considered 
sufficient. 

The  keeper  is  constructed  by  wrapping  webbing 


around  the  riser  webbings  at  least  2%  turns  and  then 
stitching  it  to  the  riser  proper.  For  first-stage  aero- 
space-vehicle  recovery  applications,  and  other  appli- 
tiona  in  which  the  suapenaion  lines  are  extended  be¬ 
yond  the  confluence  point  to  form  the  riser,  a  different 
type  of  keeper  ia  required.  A  typical  keeper  for  first- 
stage  aerospace -vehicle  recovery  applications  is 
shown  in  Fig.  7-25.  This  arrangement  of  keeper  and 
suspension  lines  provides  for  s  generally  equalised 
distribution  of  the  loads  transferred  from  the  drag- 
producing  surface  through  the  lines,  and  minimises 
elongation  differences  due  to  unsymmetrical  canopy 
loading.  Moat  significant,  perhaps,  is  the  total  elim¬ 
ination  of  relative  motion  between  keeper  and  linea, 
which  haa  often  been  found  to  be  the  initial  cause  of 
line  failure  due  to  subsequent  friction-heating  and 
material  crystallisation. 

3.5  Deployment  Bops.  Since  a  multitude  of  dif¬ 
ferent  types  are  known  to  exist,  and  since  there  are 
limitless  variations  within  types,  no  general  descrip¬ 
tion  of  deployment  bags  in  terms  of  aixe  or  shape  can 
be  attempted.  Deployment  bags  may,  however,  be  de- 


Fig.  7-  25  Typical  Keeper  Design 
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Fif.  7-26  Deployment  Bag, 

scribed  in  terms  nf  function: 

(1)  Deployment  bags  contain  primarily  the  drag- 
producing  aurface  of  a  canopy;  they  may  or  may  not 
provide  stowage  positions  for  the  sunpension  lines. 

(2)  Deployment  bngs  control  the  sequential  oper¬ 
ations  of  deployment  by  means  nf  a  closure  or  control 
method  which  locks  the  canopy  in  the  bag,  and  which 
may  depend  for  operation  upon  line  deployment,  pilot- 
chate  drag,  snatch  force,  or  operation  of  a  mechanical 
device. 

In  general,  little  difficulty  will  be  encountered  in 
shaping  a  deployment  bag  to  the  space  available. 
Space,  however,  definitely  affecla  the  line  placement 
and  closure  methods  used. 

3.5.1  DEPLOYMENT  HAG  DESIGN.  Deployment 
hag  design  problems  may  be  divided  into  two  general 
fpoaps:  methods  used  for  storage  and  placement  of 
suspension  lines,  and  methods  used  for  control  and 
operation  of  canopy  mouth  closure.  Major  consider¬ 
ations  in  the  design  of  bags  are  (1)  bag  strength,  (2) 
smooth  inner  working  surfaces,  (3)  allowance  for  the 
moat  efficient  uae  of  space  available,  and,  (4)  if 


Aerospace  Vehicle  Recovery 

pressure  packing  is  to  be  employed,  a  practical  means 
of  maintaining  the  packed  shape  after  the  pressure  is 
removed.  Deployment  bags  must  be  able  to  contain 
and  control  the  canopy  throughout  the  two  most  diffi¬ 
cult  conditions  of  deployment:  (1)  lift-off  or  ejection 
of  the  deployment  bag  by  a  static  line,  pilot  chute, 
or  ejection  device,  and  (2)  the  opening  of  the  bag  for 
release  of  the  canopy.  Smooth  working  surfaces  are 
required  in  all  areas  of  the  bag  adjacent  to  the  drag- 
producing  surface  during  deployment,  and  in  the  area 
adjacent  to  the  suspension  lines.  The  basic  enclosure 
for  the  canopy,  whatever  its  shape,  should,  if  possible, 
be  sufficiently  tight  to  prevent  movement  of  the  canopy 
within  the  bag  during  high  accelerations  encountered 
during  lift-off  or  ejection.  A  well  designed  bag  will 
allow  the  canopy  to  be  extracted  manually  with  very 
little  effort  once  the  bag  closure  is  opened. 

Normal  layout  and  cutting  methods  are  used  in  the 
construction  of  bags  (Ref  (7-17)).  The  basic  container 
is  usually  formed  in  a  cylindrical,  trapezohedronal, 
or  cubical  shape  (or  may  be  in  the  shape  of  a  segment 
of  a  circle,  with  uniform  thickness,  in  instances  when 
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canopies  urr  clustered),  in  n  nmnnrr  to  obtain  maxi¬ 
mum  strength  from  the  material  along  the  longitudinal 
ox  in  of  the  bag.  Wherever  possible,  seama  ahould  be 
faced  away  from  the  areaa  adjacent  to  the  canopy. 

Moat  reinforcing  webbings  ahould  be  added  to  the 
baaic  container  before  sewing  the  container  into  ita 
final  ahape.  In  general,  two  baaic  ayatema  of  webbing 
reinforcement  are  used,  depending  upon  the  forcea 
involved  in  the  uae  of  the  bag.  I1' or  personnel  and  light 
air-drop  parachute  applirationa,  atraight-through  re¬ 
inforcement  ia  normally  uaed,  with  lateral  weba  usual- 
ly  of  fairly  light  materiala.  On  baga  for  very  high¬ 
speed  equipment  it  may  be  neceaaary  to  provide  ad¬ 
ditional  lateral  weba  to  prevent  burating  of  the  baaic 
container.  On  heavy  baga  for  large  caunpiea  X  or  W 
longitudinal  web  deaigna  may  be  uaed,  aince  much 
strength  ia  added  to  the  asaembly  by  auch  ronatruc- 
tion.  In  addition,  lateral  weba  ahould  be  considerably 
increased  in  strength  to  prevent  burating  of  the  baaic 
container.  I .ocking  loops  should  be  reinforced  heavily, 
since  the  full  weight  of  the  accelerated  canopy  bears 
on  the  locking  loop  flap,  and  failure  of  material  at 
thin  point  seriously  affects  bag  performance,  b’ig.  7-26 
shows  a  typical  heavy  bag  for  aerospace-vehicle  re¬ 
covery  application. 

Deployment  bags  for  systems  which  require  the  use 
of  pressure  packing  to  reduce  their  pack  volume  are 
of  necessity  unique  in  their  deaign.  Provision  muat 
be  made  for  restricting  the  bag  during  packing,  and 
then  loosening  the  bag  at  the  proper  time  during  de¬ 
ployment  to  allow  relatively  easy  removal  of  the  cano¬ 
py  from  the  bag.  One  method  of  accomplishing  this 
is  by  incorporating  an  additional  width  of  cloth  (called 
a  gusaet)  along  the  longitudinal  axis  of  the  bag  and 
a  row  of  grommets  along  the  axis  where  the  gusset 
material  ia  attached  to  heavier  bag  material  ao  that 
the  bag  can  be  laced  down  to  its  pressure -packed 
shape  (Pig.  7-27).  The  lacings  on  the  bag  are  strung 
through  several  cut-knives  attached  to  a  nylon-webbing 


lanyard  fastened  securely  at  one  end  to  the  load.  As 
the  bag  moves  aft  of  the  load  at  the  start  of  deploy¬ 
ment,  the  knives  cut  the  lacings,  allowing  the  bag 
to  expand  and  the  canopy  to  be  removed  from  the  bag 
freely  and  with  little  danger  of  friction  burns. 

Rags  designed  for  use  at  high  apeeds,  or  for  tbs 
handling  of  heavy  canopies,  are  constructed  of  fairly 
atrong  materiala.  Heavier  cotton  ducks  are  auitable 
for  thin  purpose,  but  are  usually  so  rough  that  cano¬ 
pies  are  badly  burned  due  to  friction  during  withdraw¬ 
al.  It  in  considered  good  practice  to  line  auch  bags 
with  cotton  material  of  lighter  weight  and  smoother 
finish,  particularly  if  the  construction  and  reinforce¬ 
ment  of  the  baaic  bag  result  in  a  rough  interior.  Gen¬ 
erally,  linings  are  assembled  to  the  bag  after  the  baaic 
container  has  been  cut  and  longitudinal  webs  added. 

Bridles  are  either  integral  or  detachable,  depending 
upon  conditiona  of  uae.  Baga  aubjected  to  severe 
operating  conditiona  or  to  coaataat  service,  particu¬ 
larly  if  small  and  cheap,  are  equipped  with  integral 
bridles  which  are  normally  extensions  of  the  main 
longitudinal  reinforcing  weba  on  the  hag.  Detachable 
bridles  are  designed  to  attach  directly  to  main  longi¬ 
tudinal  reinforcing-webe  by  auitable  hardware.  Bndles 
for  large  or  heavy  bags  normally  provide  effective 
length,  from  bag  to  common  connection  to  the  pilot- 
chute  bridle-line,  of  at  leant  75  per  ceat,  and  pre¬ 
ferably  100  per  cent  of  the  largest  dimension  of  tbs 
bulkhead  of  the  bag.  Line  locking-loops  and  permanent 
retainiag-loopo  are  usually  constructed  of  cotton  ma¬ 
teriala,  or  of  nylon  faced  with  cottoa  if  high  strength 
is  required.  Since  locking  loo  pa  are  aubject  to  high 
forcea,  it  is  usual  to  attach  them  to  main  longitudinal 
re  inforcing -webs.  Locking  loops  are  nasally  formed 
with  the  same  webbing  uaed  to  provide  retaining  loops, 
or  loops  to  which  breakable  line  retnining-tapea  may 
be  tied.  Webs  provided  for  tying  breakable  line -retain¬ 
ing  tapes  are  formed  in  much  the  same  manner  as  per¬ 
manent  line-loops. 


Fig.  7-27  Deployment  Bag  with  Laced  Gusset  for  Pressure-Packed  Canopy 
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•  lovrrH  for  line  atowage  arena  limy  be  formed  very 
simply  on  the  top  or  aide  of  a  deployment  bag,  na 
ahown  in  Fig.  7-28.  If  neeeaaary,  line  atowage  arena 
may  be  lined  with  aoft  cotton  fabric.  If  large  riaera 
and  heavy  hardware  muat  be  atowed  in  the  bag,  ad¬ 
ditional  apace  may  be  provided  Lv  forming  a  large 
pocket  on  the  line  cover  itaelf. 

I.ine  flaps,  when  plm-ed  at  the  mouth  of  the  bag, 
are  usually  extensions  of  the  bag  aide,  and  are  con¬ 
structed  in  much  the  name  manner  as  a  normal  closure 
flap,  as  illustrated  in  Kig.  7-28.  I.ine  retention-loops 
may  be  added  to  atowage  flaps  in  the  same  manner 
as  permanent  line-loops;  longitudinal  reinforcements 
are  extended  down  stowage  flaps  to  provide  strength 
for  line  retention. 

3.6  Pilot  Chutes.  Pilot  chutes  are  necessary  to 
activate  positive  and  proper  deployment  for  all  para¬ 
chute  applications  except  for  those  systems  deployed 
by  static  line.  A  number  of  pilot-chute  types  have 
been  used  experimentally,  including  flat  octagon,  flat 
square, "baseball”,  and  hemispherical  types.  The  fiat 
octagon  type  is  equipped  with  a  spring  to  insure  im- 


Fig.  7-  28  Deployment  Bag  and  Line  Stowage  Flaps 


Fig.  7-29  Pilot  Chute  Type  VA-1 


mediate  opening  npon  pilot-chute  release.  The  stand¬ 
ard  pilot  chnte  now  used  for  personnel,  air  drop,  air¬ 
craft  deceleration,  end  other  applications,  was  derived 
primarily  from  the  flat  octagon  type  of  pilot  chnte, 
with  vanes  added  to  obtain  the  following  advantages: 

(1)  The  vanes  prevent  the  lines  from  entangling 
inside  the  parachute  pack; 

(2)  Should  the  pilot  chute  strike  some  object,  the 
vanes  tend  to  slide  past  it  rather  than  wrap  about 
it,  or  permit  the  object  to  pass  between  the  lines; 

(3)  The  vanes  cause  the  airflow  to  be  directed  into 
the  pilot  chute  and  act  as  a  sail  to  aid  in  the  de¬ 
ployment  of  the  pilot  chute  from  the  pack;  and 

(4)  The  addition  of  vanes  decreases  the  possi¬ 
bility  of  pilot-chute  canopy-inversion. 

A  typical  pilot  chute.  Type  MA-l,  is  shown  in  Fig. 
7-29.  Basically,  pilot  chutes  used  for  personnel,  air¬ 
drop,  and  aircraft-deceleration  applications  have  a 
hemispherical  canopy  and  are  constructed  with  a  coni¬ 
cal  coil  spring  and  vanes.  In  general,  the  canopy  and 
the  vanes  of  the  pilot  chute  are  constructed  of  the 
same  material. 

Any  of  the  conventional  canopy  designs  can  be  used 
as  a  pilot  chute;  however,  a  balance  must  be  achieved 
between  the  required  stability  and  drag,  and  to  a  car- 
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lain  extent,  weight  and  volume,  For  example,  u  guide- 
surface  pilot-parachute  canopy  will  have  excellent 
stability  but,  due  to  its  lower  drag  efficiency,  will 
require  a  larger  canopy  for  a  given  force  than  if  the 
stability  of  a  ring  slot  or  flat  circular  canopy  were 
acceptable.  On  the  other  hand,  however,  a  alight  in¬ 
crease  in  volume  and  weight  must  be  tolerated.  Drag 
coefficient  and  opening-shock  factor  data  for  the  most 
commonly  used  types  of  pilot  chutes  are  listed  in 
Table  7-7. 


TABLE  7-7 

PILOT  CHUTE  DATA 

Drag 

Opening- 

Type 

Shock  Factor 

Coefficient 

(Infinite-Mass) 

Vane 

CDo  -  0.55 

2.5 

Flat  Circular 

Q>0  -  0.75 

2.5 

Ring-Slot 

CD„  -  0.65 

1.5 

Flat  Circular  Ribbon 

Cn  =0.55 
"o 

1.5 

Ribless  Guide-Surface 

Cn  -  0.80 
n 

2.0 

Ribbed  Guide-Surface 

1 

O 

<3 

cn 

2.0 

The  size  of  the  pilot  chute  is  of  the  utmost  impor¬ 
tance  for  positive  and  orderly  deployment  of  the  main 
canopy.  No  definite  method  has  as  yet  been  estab¬ 
lished  to  determine  the  required  pilot-chute  size  for 
any  particular  application;  however,  experience  has 
shown  that  certain  ratios  of  pilot-chute  drag  area  to 
main-canopy  drag  area  perform  best  (see  Table  7-8). 

TABLE  7-8  RATIOS  OF  PILOT  CHUTE  IT)  MAIN 
CANOPY  AREA 


Deployment  Speed 

CpS  Ratios 

Ratio  Pilot  Chute 

(Indicated  Air  Speed) 

to  Main  Canopy 

Up  to  200  knots 

-0.03 

-  3% 

200  to  300  knots 

-  0.02 

-  2% 

Over  300  knots 

-0.01 

=  1% 

These  data  are  only  approximate,  and  may  require 
modification  for  the  particular  parachute  application. 
For  high-speed  aerospace-vehicle  recovery  appli¬ 
cation,  for  example,  in  which  it  is  necessary  to  extract 
the  main  canopies  out  of  tight  compartments,  and  so 


that  orderly  deployment  sequences  of  the  main  cano¬ 
pies  is  insured,  pilot  chutes  of  higher  drag-area  ration 
than  those  listed  in  Table  7-8  have  been  used.  For 
the  determination  of  correct  sizes  of  pilot  chutes, 
several  other  considerations,  such  as  deployment- 
speed  ranges,  wake  effects,  and  breaking  strength  of 
ties,  must  be  taken  into  account.  It  should  be  remem¬ 
bered,  however,  that  a  certain  energy  is  required  to 
fulfill  all  the  functions  of  a  successful  parachute 
deployment. 

For  high-speed  applications,  pilot  chutes  of  the 
guide-surface  type  or  ribbon  type  are  commonly  used. 
In  such  designs,  these  pilot  chutes  should  be  packed 
in  separate  deployment  bags  in  order  to  separate 
snatch  and  opening  forces  of  the  pilot  chute. 

The  bridle  between  the  pilot  chute  and  the  main 
canopy  bag,  or  the  apex  of  the  main  canopy,  must  be 
of  sufficient  length  to  prevent  the  suspended  load 
from  blanketing  the  action  of  pilot  chute.  On  the  other 
hand,  if  the  bridle  is  too  long,  the  maximum  snatch 
force  or  opening  force  exerted  by  the  pilot  chute  will 
increase  greatly,  and  the  opening  shock  factor  will 
be  greater  than  that  given  in  Table  7-7.  In  general, 
the  bridle  used  should  be  of  such  length  that  the  skirt 
of  the  inflated  pilot  chute  will  be  five  to  six  diameters 
of  the  suspended  load  behind  the  load.  The  actual 
strength  design  of  the  bridle  depends  upon  the  maxi¬ 
mum  pilot-chute  force  and  the  efficiency  of  the  bridle 
connection.  Strength  calculations  for  bridles  are  dis¬ 
cussed  in  3.3  of  this  chapter. 

Fabrication  methods  for  pilot  chutes  are  identical 
to  those  employed  for  other  types  of  canopies. 
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CHAPTER  8 

DEPLOYABLE  AERODYNAMIC  DECELERATOR  SYSTEM  CONSTRUCTION  DETAILS 


The  methods  by  which  the  parachute  may  be  assembled  from  its  component  parts  are  limited  in 
number  and  variety,  both  by  available  equipment  (principally  sewing-machines),  and  by  the  physical 
properties  of  applicable  materials.  While  these  restrictions  are  of  major  importance  in  the  economics 
if  parachute  manufacturing,  fabrication  methods  also  have  considerable  influence  on  the  strength, 
elasticity,  and  flexibility  of  the  structure  These  constitute  design  criteria  relating  mainly  to  details 
of  assembly  at  seams,  joints,  and  hems,  the  types  of  which  depend  on  their  location  and  function. 


SEC.  1  LAYOUT  AND  CUTTING 

The  large  number  of  pieces  of  material  that  must  be 
handled  and  assembled  to  form  a  canopy  makes  it 
mandatory  that  layout  markings  and  indexing  points 
be  held  to  a  minimum.  Since  section  edges  can  be  cut 
accurately  enough  to  serve  as  mating  points  as  well 
as  seam  and  hem  bases,  layout  marka  are  not  usually 
required  on  the  fabric  in  the  construction  of  large 
canopies.  Some  dimensional  variations  will  result 
from  lack  of  uniformity  in  the  lay  of  successive  layers 
of  fabric  during  the  cutting  operation.  The  flexibility 
of  the  weave  pattern  makes  this  a  difficult  factor  to 
ccntro),  unless  some  form  of  temporary  filler  or  sizing 
can  be  applied  to  the  fabric. 

Webbings  and  tapes  are  measured  and  marked  under 
sufficient  tension  to  assure  uniformity.  Weights  from 
5  to  40  lb  are  used,  depending  on  the  strength  of  the 
material  being  measured,  to  achieve  the  necessary 
tensile  force.  In  constructions  where  the  suspension 
lines  pass  over  the  drag-producing  surface,  the  skirt 
and  vent  edge-intersection  points  are  marked  on  the 
lines.  Since  the  lines  are  stitched  to  the  cloth  sur¬ 
face  only  at  the  skirt  and  vent,  the  intervening  full¬ 
ness  of  fabric  represents  no  problem.  In  all  types  of 
construction  requiring  the  continuous  attachment  of 
tapes,  webbings,  and  circumferential  bands  to  the 
exterior  surface  of  the  cloth,  uniform  distribution  of 
cloth  fullneaa  along  the  aeam  is  difficult  to  achieve. 
It  is  frequently  necessary  to  provide  numerous  inter¬ 
mediate  indexing  marks  on  both  tape  and  cloth  sur¬ 
faces  to  guide  the  sewing,  and  tacking  or  basting  may 
also  be  required.  The  main  seama  provide  indexing 
marks  for  circumferential  bands  so  that  only  the  tape 
need  be  marked  for  each  intersection.  Radial  dimen¬ 
sion  marks,  however,  are  needed  on  the  drag-producing 
surface  for  reinforcing  bands  at  intermediate  locntiona 
between  skirt  and  vent.  The  problem  of  distributing 


fullness  along  a  seam  arises,  even  though  the  measured 
lengths  of  cloth  and  tape  are  the  same,  because  of  the 
great  difference  in  elasticity,  but  this  difference 
diminishes  with  increasing  weight  of  fabric. 

SEC.  2  SEWING  AND  STITCHING 

Stitching  with  thread  by  any  one  of  a  variety  of  sew¬ 
ing  machines,  sod  sometimes  by  hand,  is  the  tradi¬ 
tional  method  for  joining  textiles.  Strong,  efficient 
joints  result  when  the  correct  number,  spacing,  and 
pattern  of  stitchings  are  employed.  The  strongest  type 
of  stitch  is  the  two-thread  link  stitch  formed  by  moat 
sewing-machines  when  the  proper  tension  is  applied. 
Zigzag  stitching,  both  single-  and  double-  throw,  is 
valuable  in  parachute  manufacturing,  primarily  be¬ 
cause  seams  and  joints  so  joined  are  capable  of  great 
elongation  without  creating  excessive  tensile  stress 
in  the  thread  itaelf. 

Several  difficulties  of  varying  importance  arise  in 
the  stitching  together  of  parachute  components,  'these 
difficulties  must  be  considered  carefully.  The  tight- 
nrsa  of  the  stitching  resulting  from  excessive  thread 
tension  has  two  effects  which  may  be  undesirable 
in  certain  types  of  seam:  the  finished  length  of  the 
seam  is  shorter  than  the  cut  length  of  the  material, 
because  of  gathering  between  each  neejle  pene¬ 
tration;  and  the  binding  together  of  the  material  creates 
friction,  which  reduces  the  flexibility  and  elasticity 
of  the  joint.  In  machine-sewing,  differential  feed  can 
occur  between  the  upper  and  lower  pieces  of  material 
being  joined,  thus  causing  end  mating-points  to  pull 
out  of  register  as  the  seam  is  sewn.  Yarn  filaments 
can  be  broken  by  needle  penetration,  thereby  weaken¬ 
ing  the  basic  fabric.  The  thread  itself  may  be  weakened 
or  broken  in  thick  joints  and  at  seam  intersections  as 
a  result  of  increased  friction  of  penetration  attending 
the  superimposition  of  successive  rows  of  stitches. 
High-speed  sewing  may  weaken  Nylon  materials  by 
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necessary.  Hasting  in  the  temporary  holding  of  two  or 
more  piecea  of  fabric  together  until  they  are  permanent¬ 
ly  aaaembled.  Thin  ia  naually  accompliabed  by  tem¬ 
porary  aewing.  Cemeat  ia  alao  atilized,  bat  oaly  in 
certain  inataacea,  aacb  aa  model-canopy  conatr action, 
aince  it  ia  conaidered  ondeairable  becaaae  of  poaaible 
deleteriooa  effecta  on  fabric,!  particularly  at  elevated 
temperature*.  Where  the  one  of  cemeat  ia  penaiaaible 
for  baating,  the  quantity  of  cement  applied  to  one 
point  must  be  carefully  metered  ao  that  the  area  of 
fabric  affected  haa  a  minimal  diameter  (genera  Hy. 
approximately  0.1  in.).  All  of  tbe  thicknesses  of  ma¬ 
terial  at  the  seam  or  joint  should  be  joined  by  one 
application  on  tbe  centerline  or  midpoint.  Tbe  cement 
must  set  quickly  and  remain  flexible  with  age.  Succes¬ 
sive  cement  spots  on  the  name  seam  must  be  as  widely 
spaced  aa  practicable. 

fig.  8-1  Typical  Flat  Fabric  Scams  SEC-  3  STRUCTURAL  JOINTS 

Tbe  many  types  of  hema  and  seama  employed  in  tbe 
construction  of  canopies  have  certain  geometrical  pro- 
frictional  overheating.  pertiea  in  common.  Fig.  ft-1  depicts  several  typical 

When  differential  feed  or  “creep”  of  materials  can-  flat  fabric  hems  and  aeams.  The  width  of  an  intep-»l 

not  be  overcame  to  the  extent  required  by  the  dimen-  reinforcing  tape,  and  tbe  number  of  rows  aad  spacing 

aional  tolerances  of  tbe  structure,  baating  may  become  of  stitching,  ia  determined  by  strength  aad  other 


VENT  SEAM  CONSTRUCTION 


SKIRT  SEAM  CONSTRUCTION 

fig.  8-2  Skirt  ami  Vent  Construction,  Ribless  Guide-Surface  Type  Canopy 
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Fig.  S-4  Suspension  Line  Connection  to  Skirt,  Flat 
Circular  Ribbon  Canopy 


Fift.  8-5  Suspension  Line  Connection  to  Skirt  Loop 
Attachment 


Fig.  8-6  Joint  Reinforcement,  Butterfly  Type 
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Fig.  8-8  Cross-Section  of  Typical  Heavy-Duty  Ribbon  Canopy  Core 


functional  requirements.  The  width  of  hem  or  seam 
allowance  ia  governed  by  its  type.  The  simplest  types 
of  hem  and  seam  are  generally  used  where  the  fraying 
of  an  exposed  cut  edgeia  not  objectionable.  Otherwiae, 
an  additional  turn  of  fabric  is  required  to  place  the  cut 
edge  inside.  The  rolled-hem  and  French-fell  seam  are 
commonly  employed  for  this  reason,  as  well  as  for 
their  slightly  greater  strength.  A  bound  hem  is  used 
occasionally,  auch  as  on  the  skirt  and  vent  of  the  rib- 
less  guide  surface  canopy  (Fig.  8-2).  There,  a  narrow 
strip  of  fabric  or  webbing  ia  applied  to  die  cut  edge 
and  rolled  under  on  each  aide.  An  integral  reinforcing- 
tape  may  also  be  bound  into  the  hem  at  the  same  time 
by  this  means.  A  typical  joint  of  roof  panels  of  a  rib- 
leas  guide-surface  canopy  is  shown  in  f'ig.  8-3. 

Canopies  with  geometric  porosity  have  many  addi¬ 


tional  free  edges  that  must  be  hemmed,  except  where 
srlvagesare  strong  enough  alone,  as  in  the  ribbon-type 
canopies.  Such  factors  materially  affect  the  economy  of 
fabrication.  In  addition  to  the  common  practice  of 
sewing  the  snspension  lines  to  the  drag-producing  sur¬ 
face  at  akirt  and  vent  with  double-throw  xigxag  ntitches, 
there  are  such  practices  ns: 

(1)  lines  lapped  over  and  stitched  to  the  ends  of 
main  radial-ribboaa  or  reinforcement  tapes  at  the  skirt. 
This  arrangement  is  shown  in  Fig.  8-4. 

(2)  Lines  tied  to  loops  formed  at  the  end  of  each 
main  radial-ribbon  as  shown  in  Fig.  8-5. 

(3)  lines  formed  as  continuous  extensions  of  main 
radial-ribbons,  made  of  narrow  webbing. 

(4)  Continuous  suspension  lines  sewn  from  the  skirt 
to  the  vent  with  four  rows  of  stitching. 
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Fi%.  8-10  Dependence  of  Seam  Efficiency  on  Stilchet  per  Inch 


Joint  reinforcements  at  the  skirt,  made  of  short 
lengths  of  tape  or  webbing,  include  the  following  ar¬ 
rangements: 

(1)  The  common  “butterfly”  type  shown  in  Fig.  8-<>. 

(2)  A  single-lapped  doubler. 

(3)  Two-piece  doublers,  inside  and  out,  and  com¬ 
binations  of  doublers,  butterflies,  and  looped  rib- 
extensions. 

(4)  A  single  piece  of  webbing  which  provides  for 
suspension-line  reinforcement  and  attachment  of  the 
reefing  ring  to  the  skirt,  as  shown  in  Fig.  8-7. 

The  major  load-carrying  members  of  a  heavy-duty 
ribbon  canopy  are  the  horizontal  ribbons  and  the  sus¬ 
pension  lines.  A  typical  cross-section  of  a  heavy-duty 
ribbon-type  gore  is  shown  in  Fig.  8-8.  The  sectional 


view  shows  the  continuous  suspension-line  sewn  on  the 
radial  ribbon  with  four  rows  of  stitching.  In  the  cou- 
tinuous-suspension-line  design,  the  radial  ribbons  are 
used  for  ease  of  production  and  are  not  required  for 
structural  purposes.  The  eight  rows  of  radial  stitching 
are  required  to  splice  the  horizontal  ribbons.  This 
spliced  joint  will  hold  ribbons  up  to  2000  lb.  When 
heavier  ribbons  are  used,  a  four-point  cross-stitch 
pattern  is  required  in  addition  to  the  eight  rows  of 
stitching  as  shown  in  Fig.  8-9,  To  improve  the  hori¬ 
zontal-ribbon  efficiency  and  to  reduce  the  canopy 
bulk  and  the  number  of  stitching  patterns,  a  continuous- 
ribbon  construction  may  be  used. 

The  design  objective,  with  respect  to  economy  of 
fabrication,  is  to  obtain  optimum  joint  efficiency  and 
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serviceability  with  muximum  simplicity  «»f  construction. 
Ihe  number  of  parts  and  operations  must  be  the  fewest 
poaaible  consistent  with  functional  requirements,  and 
preference  is  given  to  operations  that  can  be  perfomied 
to  advantage  on  high-speed  machines. 

SEC.  4  STRENGTH  OF  JOINTS  AND  SEAMS 

When  joining  fabric  componenta  into  one  complete 
structure,  it  is  important  to  make  junctions  in  such  a 
manner  that  the  strength  of  the  joint  is  not  below  that 
of  the  componenta  being  joined.  This  ideal  is  not 
always  realized.  A  relationship  can  be  set  up  between 
the  material  and  joint  (joint-efficiency  factor),  which 
is  defined  as 

rj  m  (Strength  of  joint)  -r  (Strength  of  material  being 
joined) 

Failure  can  occur  in  either  or  both  of  two  ways.  I'he 
first  is  by  failure  of  the  stitching  thread,  and  the 
second,  by  failure  of  the  materials  being  joined. 
Thread  failures  should  normally  occur  in  the  effi¬ 
ciency-factor  range  of  up  to  100  per  cent.  When  the 
joint-efficiency  factor  approaches  the  upper  limit, 
failure  is  generally  a  fabric  failure.  The  fabric  may 
fail  at  the  joint  at  a  lower  strength-value  than  if  the 
failure  were  in  the  unobstructed  fabric.  The  probuble 
cause  for  this  is  the  weakening  of  the  material  by 
cutting,  or  damaging  of  the  yums  us  the  needle  passes 
through  the  fabric,  or  a  local  reduction  of  the  elasti¬ 
city  because  of  friction  between  the  layers  caused  by 
the  tightness  of  the  stitching.  The  strength  of  a  sewn 
joint  depends  on  fnctors  covered  in  the  paragraphs 
below. 

4.1  Typ*  of  Stitch.  There  are  many  different 
types  of  stitches  practicable,  all  described  in  the 
Federal  Specifications  far  Stitches,  Seams,  and  Stitch¬ 
ing,  DDD-S-751.  The  moat  frequently  used  are  Type 
301,  which  is  formed  by  two  threads,  and  Type  304, 
which  is  similar  bat  in  a  zigzag  pattern  (single-throw). 

4.2  Typo  of  Thrtod.  Usually,  the  thread  ma¬ 
terial  is  the  same  as  the  fabric  being  joined.  Nylon 
and  cotton  threads  are  extensively  used  and  are 
covered  by  Military  Specifications.  The  use  of  heavier 
thread  improves  the  seam  strength,  even  though  its 
use  requires  a  larger  needle,  which  may  mean  grenter 
yarn  damage  in  aewing  (lief.  8-1)). 

4.3  Numbor  of  Stitchos  por  Inch  and  Stitchiny 

PattOffl.  The  stitching  pattern  depends  on  the 
materials  being  joined.  The  fiat  fabric  seams  use 
parallel  rows  of  zigzag  stitching.  Formed  fabrics, 
such  as  lines  and  webbings,  employ  patterns  that  are 
combinations  of  straight,  cross,  and  zigzag  stitching. 
The  number  of  stitches  per  inch  used  depends  on  the 


strength  required  und  the  type  of  material,  but  is 
restricted  by  the  working  range  of  a  given  sewing- 
machine.  doth  the  number  of  stitches  per  inch  and 
the  pattern  (number  of  rows)  are  varied  to  achieve 
the  desired  strength.  It  would  be  expected  that  an 
increase  in  either  or  both  would  increase  the  strength, 
up  to  some  point  where  the  closeness  of  the  pene¬ 
trations  might  possibly  cause  a  decrease  in  strength. 
As  the  breaking  strength  of  the  fabric  ia  surely  not 
increased  us  the  number  of  rows  or  stitches  per 
inch  is  increased,  it  can  be  assumed  that  the  thread 
f.ii  lures,  not  the  cloth  strength,  are  contributing 
factors.  However,  if  the  strength  of  the  cloth  ia 
reached,  the  addition  of  more  stitches  cannot  make  the 
seam  any  stronger.  The  dependence  of  seam  efficiency 
on  stitches  per  inch  for  various  canopy  cloth  materials 
and  rows  of  stitches  ia  graphically  illustrated  in 
Fig.  8-10. 

4.4  Sooms  and  Saarn  Construction.  A  seam  is 
defined  as  a  series  of  stitches  which  join  two  or  more 
plies  of  cloth.  A  complete  seam-designation  contains 
the  type  of  stitch,  the  seam  class,  the  type  within  the 
class,  and  the  number  of  rows  of  stitching.  For  ex¬ 
ample,  301-I„Sc-2  means:  Type  301  stitch,  LS  class, 
c  type  of  that  class,  with  two  rowu  of  stitching. 

'  Seam  strength  varies  with  the  orientation  of  the 
fabric  to  the  seam.  Results  from  strength  tests  of 
orthogonal  and  45-deg  bias  seams  (see  Fig.  8-11)  show 


ORTHOGONAL  SEAM  BIAS  SEAM 


Fig,  8-11  Illustration  of  Orthogonal  and  Bias  Orient 
tation  of  Fabric  with  Seam 
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thm  the  I  til  ter  seam-orientation  produces  the  greater 
seam  efficiency. 

4.5  Strength  of  Suspension-Line  Stands.  There 
are  three  different  types  of  joints  in  the  suspeneion- 
iinc  system:  the  line-to-skirt  type,  the  line-to-riser 
type,  and  the  line-to-line  type.  In  the  suspension-line- 
to-skirt  joints,  the  suspension  line  joins  the  skirt 
periphery  at  a  point  where  the  main  radial-seam  joins 
the  skirt  hem.  The  suspension  line  can  be  either  a 
continuation  of  all  or  part  of  the  members  that  make  up 
the  radial  seam  or  it  can  be  a  separate  member  that 
is  attached  to  the  skirt.  The  former  is  always  sewed 
to  the  canopy  in  the  skirt  band  area,  with  reinforce¬ 
ments  if  required.  The  latter  can  be  of  two  generul 
types,  a  loop  connection  or  iui  entirely  sewed  connec¬ 
tion.  In  general,  thr  looped  joint  is  more  efficient  thun 
the  entirely  sewed  joint,  with  a  joint-efficiency  factor 
of  approximately  90  per  cent,  compared  to  80  per  cent 
for  the  entirely  sewed  type.  The  method  of  construc¬ 
tion  of  the  joint  is  partially  augmented  by  the  si/e  of 


t/ie  ineinliers  Is- i n k  joined.  Other  than  this,  a  type  is 
selected  which  has  proved  satisfactory  in  the  past. 
Kxceptions  to  this  selection  method  are  canopies  con¬ 
structed  completely  according  to  specifications,  such 
as  the  flat  circular  ribbon  and  ring-slot  types. 

In  the  suspension-line-to-riser  joint,  two  basic 
types  are  used:  an  entirely  sewed  joint;  and  a  com¬ 
bination  loop-nnd-sewed  joint,  which  can  include  a 
metal  link.  Use  of  a  metal  link  in  the  lutter  is  the 
more  common.  The  line  is  tied  to  the  link  and  the 
free  end  attached  to  the  line  by  various  means. 

The  suspension-line-to- line  joint,  in  its  most  com¬ 
mon  fonn,  is  a  stitched  lap  joint. 

IIKIKRKNCKS 

(8-1)  Coplan,  M.S.  and  Hloch,  M.C.,  “A  Study  of 
Parachute  Seam  Design  Criteria,  Part  1-lnvestiga- 
tion  of  the  Strength  of  Nylon  and  Rayon  Cloth 
Seams”,  tt  \I)C  TR  56-31 3,  >art  I.  AD  No.  110407, 
June  1^56. 
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CHAPTER  9 

PARACHUTE  HARDWARE  AHD  AUXILIARY  DEVICES 


The  major  non-textile  component*  of  parachute  systems  ore  hardware,  actuating  devicea,  control 
devices,  and  ground  shock  absorbing  devices.  The  hardware  items  are  used  as  connectors  and  links 
between  various  textile  components,  and  as  knives  to  cut  ties  and  webbings  at  the  appropriate  time 
during  the  deployment  of  decelerator  systems.  Actuating  devices  initiate  specific  portions  of  the  de- 
celerator  deployment  sequence.  Some  types  (for  example,  reefing  line  cutters,  ground  disconnects,  and 
compartment-door  releases)  operate  from  self-generated  or  aircraft-system  signals;  others  depend  upon 
the  various  types  of  separate  control  devices  for  the  initiating  signal.  Ground-impact  shock-abosrbing 
devices  are  often  provided  to  reduce  the  poaaibilit  y  of  landing  damage  to  missiles  and  drones,  and  to 
cargo  loads  when  the  decelerator  system  is  such  that  the  rate  of  descent  at  touchdown  is  high. 


SEC.  1  PARACHUTE  HARDWARE 

All  metal  parts  and  assemblies  used  on  a  parse  hate 
are,  broadly  speaking,  parachute  hardware.  The  simp¬ 
ler  mechanical  attachments  will  be  considered  in  thin 
section;  more  complex  actuating  and  control  devices 
and  shock  absorbers  are  covered  in  the  three  sections 
following. 

1.1  General.  Over  the  coarse  of  parachute  de¬ 
velopment,  a  number  of  hardware  items  have  become 
standardised  for  use  in  a  range  of  designs  for  more 
or  less  conventional  decelerators.  In  the  case  of  un- 
saual  decelerators,  especially  those  systems  which 
moat  fit  limited  storage  compartments  or  which  must 
withstand  high  loads,  it  is  sometimes  necessary  to 
design  special  hardware. 

The  broad  requirements  for  parachute  hardware  are 
outlined  in  Military  Specification  MII.-II-7195  (see 
Chap.  13).  Metals  which  come  in  contact  with  textiles 
must  not  produce  oxides  or  other  corrosion  products 
which  will  affect  the  properties  of  the  textile  ma¬ 
terials  in  any  manner.  The  hardware  items  must  be 
finished  smoothly,  without  protrusions  which  could 
cause  snagging,  or  injury  or  damage  to  fabrics.  Weight 
should  be  kept  to  a  minimum  consistent  with  required 
strength  and  safety  factors.  While  cost  is  a  consider¬ 
ation  for  items  to  be  used  in  quantity,  the  ability  of 
the  device  to  perform  its  function  with  maximum  re¬ 
liability  is  of  primary  importance. 

The  moat  commou  items  of  parachute  hardware  are 
links,  adapters,  rings,  snaphooks,  clevises,  cut 
knives,  and  reefing  rings  (see  Fig.  9-1).  In  general, 
only  the  first  four  are  used  on  personnel  parachutes, 
while  any  of  the  list  may  be  used  on  aerial  delivery 
and  heavy-load  parachute  types,  depending  on  the 
specific  design  of  the  decelerator  system. 


1.2  Contractor  Links.  Connector  links  are  rec¬ 
tangular  frames  used  to  fasten  two  lengths  of  webb¬ 
ing  together;  each  webbing  is  provided  with  an  end 
loop  which  bears  on  n  link  member  of  circular  cross- 
section.  Some  links  used  in  personnel-parachute  har¬ 
nesses  are  of  fixed  construction;  most,  however,  are 
separable  to  facilitate  replacement  of  webbings  with¬ 
out  the  necessity  for  sewing.  In  personnel-parachute 
design,  connector  links  (harness  links)  are  used  to 
connect  the  harness  straps  (risers)  to  the  suspension 
linen  of  the  canopy.  In  air-drop  and  heavy-load  de- 
celerator  systems,  links  are  used  for  a  variety  of 
functions,  such  as  connecting  parachute  suspension 
lines  to  suspension  webbings,  connecting  deployment 
bags  together  when  canopies  are  used  in  clusters, 
and  connecting  container  webbings  when  there  is  a 
requirement  for  assembly  and  disassembly  of  fixed 
lengths  of  webbing. 

1.3  Adapters.  Adapters  are  rectangular  metal 
frames,  usually  with  sliding  friction  bars  to  allow 
adjustment  of  webbing  length.  They  are  used  to  con¬ 
nect  lengths  of  webbing  together  when  routine  dis¬ 
connection  is  not  required,  but  when  adjustment  of 
length  may  be  necessary.  Adapters  are  commonly  used 
to  connect  harness  straps  which  may  require  adjust¬ 
ment  in  personnel  parachutes,  and  on  container  web¬ 
bings  which  must  be  adjusted  to  varying  container 
dimensions  in  air-drop  applications. 

1.4  Rings.  Parachute  harness  and  webbing  rings 
are  usually  triangular  or  D-shaped,  often  with  two 
parallel  arms  closing  the  wide  end  of  the  D  or  V  . 
They  are  used  primarily  at  the  joining  points  and 
closing  ends  of  personnel  harnesses  and  container 
webbings,  and  usually  mate  with  snaphooks.  D-or  V- 
rings  are  also  used  at  the  attachment  points  on  per- 
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f  *g.  9-1  Typical  Item*  of  Air-Drop  Parachute  Hardware 


1 .  Snap  and  friction  adapter,  quick  fit,  parachute 
harness,  proof  load  2,500  lbs.  Used  for  tie-down, 
equipment 

2.  Snap  assembly  with  flanges,  parachute  connector, 
proof  load  5.000  lbs.  Part  No.  471)31.18 

3.  Snap  assembly  with  flange,  proof  load  5,000  lbs. 

4.  Snap  assembly,  general  purpose,  proof  load  5,000 
lbs. 

5.  Snap  assembly,  parachute  connector 

6.  Snap  assembly,  geueral  purpose,  proof  load  2,500 
lbs. 

7.  {.ink  assembly  connector,  replaceable  parachute. 
Part  No.  50116869 

8.  I.ink  assembly  connector,  replaceable  parachute. 
Part  No.  52B6660-1 

9.  Scuff  board  hook  and  screw,  side  buffer  assembly. 
Part  No.  51 116595 

10.  Ring,  parachute  accessory  attaching.  Part  No. 
44A9361 

11.  Ring,  V,  quick  fit.  Part  No.  48B7055 

12.  Load,  set  weblock  assembly 
11.  Cutter,  reefing  line 


14.  Ring,  C-119  tie-down 

15.  Ring,  C-119  tie-down.  Part  No.  4150528 

16.  Ring,  ahear  web  tie-down,  C-119  aircraft 

17.  Clamp  assembly,  conveyor 

18.  Ring,  parachute,  D-drilled.  Part  No.  43A264U 

19.  Ring,  parachute,  D.  Part  No.  43B21549 

20.  Knife,  shear  web,  modified  V  ring 

21.  Adapter,  harness,  quick  fit 

22.  Clevia,  static  line,  cargo  parachute.  Part  No. 
51B6719 

23.  Clevis,  static  line,  cargo  parachute 

24.  Clevis,  small.  Part  No.  49B7459.  Used  W/C-l 
aerial  delivery  kit 

25.  Clevis,  M,  not  standard 

26.  Clevia,  parachute  aerial  delivery  kit.  Part  No. 
51B6086 

27.  Connector  Link,  Extraction  Line,  Aerial  Delivery 
Kit 

28.  Link  assembly,  C-l  aerial  delivery  kit,  single. 
Part  No.  50B7456 

29.  Line  assembly,  aerial  delivery  kit,  dual  cluster. 
Part  No.  50B7457 
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Fig.  9-1  Identifications  (Continued) 


30.  ('levin,  aerial  delivery.  Part  No.  51116245 

31.  Clevis,  aerial  delivery.  Part  No.  49H7460 

32.  Clevis,  large  square 


33,  Plate,  link  platform  aerial  delivery.  Part  No. 
X51 116301  and  X51 116330 

34.  Diaphragm,  Air  bag 


1.4  /Continued) 

sonnet  harnesses  for  a  reserve  parachute  or  accessory 
equipment. 

1.5  Sltophoulr*.  Snnphooks  are  used  in  both  per¬ 
sonnel-parachute  harnesses  and  aerial-delivery  para¬ 
chute  systems  as  the  releasable  joining  members  used 
to  connect  webbing  ends  to  attachment  points  having 
V-  or  D-rings.  They  are  also  used  for  connecting  re¬ 
serve  parachutes  and  acceaaories  to  personnel  har¬ 
nesses,  and  for  attaching  static  lines  to  aircraft  in 
both  troop  and  air-drop  parachute  applications. 
Common  types  of  snaphooks  are  operated  or  opened 
by  depressing  a  hinged  guard  which  allows  the  ring 
to  disengage  from  the  hook.  Special  types  of  snap- 
hooks  employ  safety  locks  on  the  guard,  or  ejecting- 
type  guards,  which  facilitate  disengagement  of  the 
hook  from  the  ring. 

1.6  Cut  Knivu*.  Cut  knives  are  used  in  the 
rigging  of  air-drop  parachutes  to  allow  the  rutting, 
in  proper  sequence,  of  retainer  webbings  secur¬ 
ing  the  load  to  the  aircraft,  and  in  the  packing  of 
multiple-canopy  decelerator  systems  to  release  lies 
and  holding  tapes  and  webbings  at  the  appropriate 
point  in  the  deployment  process.  The  cut  knives  used 
forair-drop  cargo- release  are  usually  modified  V-rings, 
sharpened  on  the  innide  of  the  V-shaped  members. 
A  series  of  four  sires  of  special  cut  knives  (see 
Fig.  9-2)  has  been  designed  for  use  in  the  pack¬ 
ing  of  heavy-duty,  multiple-canopy  systems  to  allow 


controlled  sequential  deployment.  Kach  has  a  central 
circular  hole  sharpened  around  the  inside  edge  for 
cutting  the  tape  or  webbing,  a  slot  at  one  end  for 
attachment  of  the  webbing  which  provides  the  pull 
for  the  cutting  action,  and  three  small  holes  to  allow 
sewing  the  knife  in  place  during  the  packing  process 
to  avoid  shifting  during  subsequent  handling. 

1.7  Rutfing  Rings.  Reefing  rings  are  used  on 
reefed  canopies  at  suspension-line  attachment  points 
on  the  inside  of  the  canopy  skirt-band  to  secure  the 
reefing  line  in  position  axially,  while  allowing  it  to 
move  freely  circumferentially  during  canopy  opening 
and  disreefing.  A  series  of  sizes  are  available  for  use 
with  various  weights  of  webbing.  The  rings  are  of 
polished  steel,  with  s  rectangular  cross  rection.  This 
provides  sufficient  surface  area  at  the  attachment 
point  to  prevent  any  hinging  action  of  the  ring,  which 
could  cause  binding  of  the  reefing  line  between  the 
ring  and  the  skirt  of  the  parachute.  The  use  of  reefing 
rings  having  round  cross-sections  should  be  avoided, 
because  the  above  type  of  failure  may  occur  with  their 
use.  Methods  of  attaching  reefing  rings  to  the  skirt 
of  the  canopy  are  discussed  in  Chapter  8. 

1.8  Cluvisus.  Clevises  are  used  primarily  for 
the  attachment  of  parachutes  to  loads.  They  are  gen¬ 
erally  T-shaped,  incorporating  a  bolt  through  the  open 
end  for  attachment  purposes.  Various  clevis  sizes 
are  available  for  load  attachments;  capacities  for 


Fig.  9-2  Cut  Knives,  Harness  Release 
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withstanding  opening  for  era  for  auNpcnded  IoihIm  run 
up  to  25,000  lb. 

1.9  0th tr  Hardware.  Other  type*  of  parachute 
hardware,  generally  oNHoeiated  with  peraonnel-para* 
chute  | >acks.  include  aucli  familiar  devices  as  ripcord 
handles,  housings,  stiffeners,  mounting  plates,  zip¬ 
pers,  grommets,  and  springs. 

SEC.  2  ACTUATING  DEVICES 

Actuating  devices  of  one  sort  or  another  are  used 
in  nearly  all  aerodynamic  decelerator  applications  to 
set  in  motion  a  specific  function  within  the  drsired 
operational  sequence  upon  the  command  of  a  control 
signal.  Some  types  of  actuating  devices  require  a 
control  signal  from  an  outside  source  to  initiate  the 
action;  others  have  self-contained  control  devices 
(usually  timers  or  pressure  sensors!  to  activate  the 
device  at  the  desired  point  in  the  operational  se¬ 
quence.  Compartment-door  releases,  decelerator- 
ejection  devices,  and  some  types  of  canopy  discon¬ 
nects  and  releases  are  examples  of  the  first  type. 
Automatic  ripcord  releases,  reefing-line  cutters,  and 
some  canopy  disconnects  fall  in  the  secoud  group. 

2.1  Canopy  Releases  and  Disconnects.  Most 

types  of  aerial-delivery,  final-stage  recovery,  and 
personnel  parachutes  remain  inflated  under  moderate 
wind  velocities  (10  knots  or  more),  and  tend  to  drag 
or  overturn  the  load  or  jumper  after  touchdown.  Dis¬ 
connects  are  used  primarily  to  separate  the  parachute 
canopy  from  the  load  or  man  after  ground  contact, 
reducing  the  chances  of  damage  or  injury.  Personnel- 


Fig.  9-3  A/P  28S-2  Personnel  Harness  Release 


PiR.  9-4  Standard  Personnel  Canopy  Release 


parachute  disconnects  are  operated  by  the  jumper; 
aerial-delivery  and  final-stage  recovery  disconnects 
operate  automatically.  Disconnects  are  used  on  all 
personnel  and  aircraft-deceleration  parachutes,  on 
most  types  of  air-drop,  missile  and  drone  final- 
stage  recovery  canopies  (and  as  interstage  releases 
in  recovery  systems),  and  in  heavy-duty  multi-stage 
systems. 

2.1.1  PERSONNEL  -  PARACHUTE  RELEASES. 
Personnel-parachute  releases  are  used  to  jettison 
the  canopy  after  touchdown  to  prevent  injury  to  the 
jumper  from  dragging.  They  are  of  two  types,  usually 
manually  activated:  harness  releases  snd  canopy  re¬ 
leases.  The  A/P  28S-2  harness  release  (Fig.  9-3) 
is  used  to  collect  and  attach  the  restraining  straps 
of  the  parachute  harness  to  a  central  point  on  the 
body  of  the  wearer.  Manual  actuation  of  the  device 
simultaneously  releases  several  straps,  freeing  the 
harness  and  canopy  from  the  body.  The  canopy  release 
(h  ig.  9-4)  is  used  to  separate  the  canopy  from  the 
harness,  which  remains  on  the  wearer.  Two  such  re¬ 
leases  are  required  for  a  canopy,  one  connecting  each 
canopy  riser  to  the  appropriate  point  on  the  harness. 
Release  activation  is  manual;  each  must  be  opened 
separately  to  free  the  jumper  of  the  canopy  (Ref  9-1, 
9-2,  9-3,  9-4). 

2.1.2  DECELERATION  AND  DR  ONE -RECOVERY 
RELEASES.  Aircraft-deceleration  and  drone-recovery 
parachute  systems  ase  canopy-release  devices  to 
separate  the  canopy  from  the  vehicle  after  the  landing 
deceleration  or  recovery  mission  has  been  accom¬ 
plished.  A  variety  of  release  devices  have  been  tested 
and  used  for  such  applications;  the  most  common  are 
described  below. 

2. 1.2.1  Spring-Actuated  Hook  Type.  Fig.  9-5  shows 
a  spring-actuated  hook  release  that  has  been  nsed  in 
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drone  recovery.  While  the  drone  in  in  flight,  the  spring 
S  punhnn  ring  R  againat  pin  P,  holding  the  pin  in 
place.  As  the  pnmchute  ia  deployed,  a  load  ia  placed 
on  the  ring,  and  the  ring  and  spring  move  to  the  poai- 
tion  shown  ia  Fig.  9-5,  at  the  same  time  relieving  the 
friction  between  the  ring  and  pin.  The  pin  ia  deaigned 
to  fall  free  of  the  cylinder,  when  in  a  vertical  posi¬ 
tion,  approximately  10  sec  after  t. lease  of  the  friction 
of  the  ring.  When  the  vehicle  touches  the  ground  and 
the  load  is  partially  relaxed,  the  spring  forces  the 
ring  off  the  then  unobstructed  hook,  disconnecting 
the  parachute  canopy.  Disadvantages  of  this  design 
are  that  foreign  matter  in  the  cylinder  may  cause  im¬ 
proper  operation  of  the  pin,  and  that  the  reduction  of 
imposed  stress  caused  by  air  currents  may  result  in 
mid-air  separation  of  the  load  and  parachute  canopy. 

2. 1. 2.2  Explosive  -  Squib  Types.  The  following 
three  ground  releases  are  actuated  by  electrically 
ignited  explosive  squibs.  This  ia  considered  the  most 
positive  means  of  accomplishing  the  release  action; 
however,  an  additional  device  ia  introduced  into  the 
operation.  In  order  to  fire  the  oquiba,  as  electrical 


Fig.  9-5  Parachute  Canopy  Release  Assembly,  Spring- 
Actuated  Hook  Type 
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Fig.  9-6  Parachute  Canopy  Release  Assembly,  Latch 
Type 


circuit  must  be  closed  when  the  vehicle  strikes  the 
(pound.  To  date,  this  has  been  accomplished  in  the 
most  satisfactory  manner  by  actuating  aswitcb  through 
the  action  of  a  feeler  wire,  which  projects  3  to  6  in. 
beyond  the  bottom  of  the  vehicle. 

a.  Imtch  Type.  Fig.  9-6  shows  a  squib-actuated 
latch-type  canopy-release  assembly.  The  para¬ 
chute  canopy  ia  attached  to  the  end  link;  the 
load  is  suspended  from  the  latch.  Actuation 
may  be  accomplished  by  a  timer  switch  com¬ 
pleting  the  squib  circuit,  by  sn  impact  switch, 
by  a  normally  closed  switch  that  is  kept  open 
by  the  losd,  by  a  feeler  wire  switch,  or  by  such 
other  switch  srrungement  ss  may  be  required 
far  the  particular  application.  Firing  of  either 
one  of  the  squibs  forces  pin  P  to  move  the  arm 
that  rotates  about  O,  breaking  shear  pin  S  and 
releasing  the  latch. 

b.  Hook  Type.  Fig.  9-7  shows  s  squib-operated 
hook-type  release.  When  the  squib  fires,  the 
hif^-pressure  gases  produced,  exit  through  holes 
(1),  travel  down  the  air  gap  (2),  and  reenter 
holes  (3),  forcing  the  piston  (4)  up  against  the 
spring.  The  latch  L  is  then  released,  permitting 
ring  R  to  fall  free. 

c.  Disconnect  Swivel.  Fig.  9-8  shows  a  squib- 
operated  disconnect  swivel.  The  left  half  of 
the  drawing  shows  the  plunger  P  in  the  unfired 
position,  with  the  shear  pin  S  in  place.  In  this 
condition  the  load  is  transmitted  from  the  cage 
C  through  the  ball  bearings  B  to  the  outer  race 
R.  When  the  squib  fires,  the  plunger  breaks  the 
shear  pin  and  moves  to  the  positions  shown  on 
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PARACHUTE  SUSPENSION 
LINES 


Fig.  9-7  Parachute  Canopy  Releast  Assembly,  Hook 
Type 


the  right  half  of  the  drawing.  'Phis  allows  the 
balls  to  move  inward,  and  the  cage  alipa  out  of 
the  onter  race,  than  disconnecting  the  para¬ 
chute  canopy. 

2. 1.2.3  Other  Types.  Development  work  has  been 
performed  on  mechanically  operated  jaw-type  releases 
for  aircraft -deceleration  parachutes  with  load  capaci¬ 
ties  of  30,000  and  100,000  lb  (Ref  9-5). 

2.1.3  AIR-DROP  RELEASES.  In  air-drop  sys¬ 
tems,  standard  disconnects  are  of  mechanical  and 
explosive-actuated  release  types.  The  avoidance 
of  premature  mid-air  release  during  canopy  deploy¬ 
ment  and  descent,  as  well  as  a  high  degree  of  re¬ 
liability  of  release  at  ground  impact,  are  of  prime 
importance  for  any  disconnect  design.  Integral  time- 
delay  devices  have  been  found  effective  in  eliminating 


premature  load-release  during  canopy  deployment  and 
descent.  Standard  mechanical  disconnects  depend 
upon  the  principle  of  load-stresa  redaction  to  asperate 
the  parachute  canopy  from  the  load  after  ground  impact. 

The  standard  gronnd-disconnect  device  used  by  the 
Air  Force  in  mechanically  actuated,  with  5004b  ca¬ 
pacity  which  operates  on  the  principle  of  load-ntess 
reduction  (Fig.  9-9).  It  separates  the  canopy  from 
aerial-delivery  containers  after  ground  impact.  For 
heavier  aerial-delivery  loads,  two  standard  U.  S.  Army 
release  assemblies  are  available,  a  Single-Release 
Assembly  (FSN  1670-360-0463)  and  a  Multiple-Release 
Assembly  (FSN  1375-694-2004).  These  are  installed 
between  the  cargo  suspension  slings  and  the  para¬ 
chute  risers,  la  general,  the  Single-Release  Assembly 
ia  used  for  loads  requiring  not  more  than  two  para¬ 
chutes,  while  the  Maltiple-Releaae  Assembly  is  used 
with  three  or  more  parachutes  (Ref  9-6).  Both  assem¬ 
blies  nse  M2  Reefing-Liae  Cutters  (see  2.2.3  below) 
as  time-delay  devices  to  prevent  premature  release 
of  the  load  during  deployment;  they  operate  on  a  load- 
atreaa  reduction  principle  to  release  the  canopy  after 


Fig.  9-9 a  Parachute  Canopy  C round  Disconnect, 
Mechanical,  Air-Drop  Parachute  System 


ground  impact.  Two  cutters  are  uaed  on  the  Single- 
Release  Assembly,  one  on  the  Multiple-Release  de¬ 
vice.  In  both  types  the  cutter  pyrotechnic  delay-trains 
are  initiated  by  lanyards  attached  to  the  firing  wires 
at  the  start  of  deployment.  After  the  10-sec  delay, 
the  cutters  fire,  severing  holding  cords  and  allowing 
the  cutter  bodies  to  drop  oat  of  their  sockets,  thereby 
freeing  the  release  arms  of  the  disconnects. The  loads 
are  held  in  place  by  their  own  weight,  exerted  on  the 
attachment  to  the  releaae.  An  this  force  is  relaxed 
at  touchdown,  the  cargo  aus  pension-sling  attachments 
are  freed  from  the  release  assembly,  separating  the 
canopies  from  the  load. 

A  number  of  experimental  cargo-parachute  releases 
have  been  developed,  based  on  the  load  stress-relax¬ 
ation  principle.  Most  of  these  have  used  some  form 
of  pyrotechnic  delay-device  to  prevent  premature  re¬ 
lease  during  deployment  (Fig.  9-10).  To  facilitate 
recovery,  some  models  release  all  but  one  group  of 
suspension  linee  on  ground  impact,  retaining  the 
parachute  in  the  vicinity  of  the  load  after  disconnect 
(Ref  9-7,  9-8,  9-9,  9-10). 


2.1.4  OTHER  RELEASES.  Interstage  disconnects 
in  systems  using  multi-stage  deceleratora  are  gen¬ 
erally  designed  specifically  for  the  system,  during 
it*  development.  Mechanical  releases  actuated  by 
timers  or  pressure  switches,  and  electrically  operated 
primacon!  loops  for  cutting  first-atage  canopy  risers, 
have  been  used  in  various  designs. 

2.2  Lint  Cutters.  The  need  for  reduc¬ 

tion  of  the  opening  shock  of  conventional  aerodynamic 
deceleratora  and  for  the  control  of  drag  area  led  to 
the  development  of  reefed  canopies.  So  that  reefed 
canopies  could  be  used,  devices  were  required  which 
would  initiate  the  disreefing  sequence. 

2.2.1  OPERATING  PRINCIPLES.  Moat  reefing- 
line  cuttern  in  nse  today  operate  in  the  same  basic 
manner.  At  the  time  during  the  deployment  process 
at  which  the  suspension  lines  are  fully  stretched,  and 
the  force  on  the  particular  line  to  which  the  arming 
wire  is  attached  builds  up  to  approximately  25  lb,  the 
arming  wire  is  withdrawn  from  the  cutter.  This  re¬ 
leases  a  firing  pin,  which  strikes  a  primer  cap,  which 
in  turn  initiates  a  powder-train  time-delay  designed 
to  bum  for  a  predetermined  number  of  seconds.  After 
the  delay  interval,  the  final  propellant  is  ignited, 
driving  the  piston-abnped  cutter  knife  down  the  barrel, 
and  severing  the  reefing  line  threaded  through  the 
holes  near  the  end  of  the  barrel. 


Fig.  9-9b  Parachute  Canopy  Ground  Disconnect, 
Mechanical,  Air-Drop  Parachute  System  (Interior) 
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Fif.  9-1  la  Reefing  Line  Cutter,  Type  M-2 


2.2.2  DESIGN  PRINCIPLES.  la  designing  a  reef¬ 
ing  line  cutter,  particular  attention  should  be  paid  to 
certain  details: 

(1)  The  piston-shaped  knife  of  the  device  must  be 
looger  than  the  diameter  of  the  reefing  line  bole  to 
prevent  the  high-pressure  propellant-generated  gases 
from  escaping  prematurely.  Accurate  fit  of  the  cutter 
piston  in  the  barrel  is  also  important  for  the  same  rea¬ 
son. 

(2)  Sufficient  space  must  be  provided  beyond  the 
reefing  line  hole  for  a  full  stroke  of  the  cutter  piston, 
so  that  the  plug  cot  out  of  the  reefing  line  con  clenr 
the  ends  of  the  line. 

(3)  The  powder  charge  must  be  well  blocked-off 
from  the  firing  mechanism. 

(4)  The  snatch  force  of  the  decelerator,  which 
occurs  at  the  time  the  arming  wire  in  withdrawn  and 
the  firing  pin  strikes  the  primer  cap,  can  impose  a 
force  opposite  to  the  direction  of  movement  of  the 
firing  pin,  possibly  causing  so  light  a  strike  that  the 
cap  does  not  detonate.  In  some  cases  a  stronger  fir¬ 
ing-pin  spring  may  solve  this  difficulty.  However, 
consideration  should  also  be  given  to  designing  the 


cutter  so  that  the  anatcb  force  will  operate  in  the 
same  direction  aa  the  movement  of  the  firing  pin, 
assisting  rather  than  opposing  the  striking  force. 

2.2  J  STANDARD  REEFING-UNE  CUTTERS.  The 
current  standard  method  of  disreefing  a  parachute 
canopy,  when  skirt  reefing  in  used,  in  to  cat  the  reef¬ 
ing  line  threaded  through  reefing  rings  around  the 
skirt  of  the  canopy.  In  general,  pyrotechnic  reefing- 
line  cutters  are  employed  for  this  purpose. 

The  Reefiag-Line  Cutter,  Type  M-2  (MIL-C -10362), 
is  the  primary  standard  model  used  in  AF  applications 
(Fig.  9-11).  Removal  of  the  arming  wire  (7)  allows 
the  firing  pin  (5)  to  initiate  the  time  delay  powder 
train  (4)  by  means  of  a  percussion  cap.  A  powder 
charge  is  ignited  by  the  powder  train,  cunning  the 
piston  (3)  to  move.  The  reefing  line  is  inserted  into 
the  housing  (1)  through  the  reefing  line  holes.  A  moun¬ 
ting  plate  (9)  with  clamps  (10)  is  provided  to  facili¬ 
tate  installation  of  the  device  on  the  parachute  cano¬ 
py.  The  arming  wire  (7)  is  connected  to  u  suspension 
line.  Vhen  the  parachute  is  deployed,  this  arming  wire 
is  removed,  starting  the  catting  sequence.  In  order 
to  prevent  premature  release,  the  arming  wire  is  de- 
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Tig.  9-1 1 h  Reefing  Line  Culler.  Type  M-2  (Disassembled) 


signed  with  a  safety  device  requiring  the  application 
of  25  lb  of  tension  prior  to  release,  and  also  for  some 
free  travel  before  the  firing  pin  actuates  the  device. 
Ibis  disreefing  device  is  designed  to  rut  lines  of  up 
to  1,000  lb  tensile  strength.  Time  delays  are  available 
for  intervals  of  2,  4,  6,  8  or  10  sec.  This  device  esn 
be  used  only  once,  and  therefore  must  be  considered 
expendable.  The  Reefing-l.ine  Cutter  Type  M2\l  wan 
developed  from  the  Type  M2  (Ref  9-11).  This  cutter 
is  used  as  a  standard  in  II.  S.  Army  applications,  snd 
to  s  limited  extent  by  the  Air  Force.  Actuation  and 
mounting  of  the  cutter  are  identical  with  the  methods 
described  for  the  M2  above. 

The  Reefing-I.ine  Cutter  Type  MC-1  (Fig.  9-12)  is 
a  heavy-duty  device  which  has  been  standardized  for 
operation  in  that  systems  utilizing  heavy  reefing 
lines  with  a  tensile  strength  of  up  to  14,000  lb.  A 


Type  T-2  explosive  actuator  and  a  delay  powder- 
train  are  used  to  actuate  snd  govern  the  cutting  se¬ 
quence.  Cutting  of  the  reefing  line  is  accomplished 
by  means  of  a  knife  propelled  by  the  powder  charge. 
Actuation  of  the  device  is  accomplished  by  the  re¬ 
moval  of  an  arming  wire.  This  device  can  be  reused 
simply  by  changing  the  time  delay  powder  train;  how¬ 
ever,  the  barrel  of  the  cutter  should  be  cleaned  of  all 
residue  before  reuse,  to  insure  free  travel  of  the  knife. 
Time  delays  for  intervals  of  0.75,  1,  2,  4,  6,  8,  and 
10  sec  are  available. 

2.2.4  NEW  REEFING-LINE  CUTTERS.  Effort  to 
improve  the  action  and  reliability  of  reefing-line  cut¬ 
ters  for  cargo  delivery  systems  and  drone  parachute- 
recovery  systems  has  resulted  in  the  development  of 
the  XM-9  through  XM-13  series  cutteis.  These  are 
designed  to  operate  during  the  higher  opening-shock 
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force*  encountered  in  high-speed  deployment.  The 
XM-9  aerie*  rr*c  fin  k- I  in  c  cutter  (big.  9*1,1)  has  passed 
qualification  tr*t*  during  which  it  was  subjected  to 
force*  xiini lur  to  thou?  occurring  during  parachute 
o|>ening,  being  successfully  fired  during  750g  shock 
andlOOg  auataine, (-acceleration  text*.  The  new  aerie* 
of  cutter*  will  be  available  with  time  delay  interval* 
of  2  *ee  (XM-9),  1  sec  (XM-10),  6  sec  (XM-11),  8  arc 
(XM-12).  and  10  «ec  (XM-I1).  The  cuttera,  with  the 
Mtandard  Mounting  IMnte,  Drawing  52116658,  aa  part 
of  the  aaaembly,  will  mount  in  atandard  reefing-line- 
cutter  pocket*.  The  XM-9  aeriea  cutter  ia  capable  of 
aevering  two  |(KK)-lb.  tubular  rerfing  line*. 

\  typical  cutter  of  the  XXI  aeriea  (big.  9-11)  ia 
mounted  in  the  pocket  on  the  mounting  plate  18)  by 
two  aemicircular  bracket*  (7),  Drawing  X61D5241. 
I'he  extraction  cable  (I)  ia  connected  to  the  parachute 
riaer  line;  when  the  parachute  ia  deployed,  and  ap¬ 
proximately  18  lb  of  force  acta  in  the  line,  the  cable 
(I)  ia  extracted  from  the  houaing.  This  action  draw* 
the  firing  pin  (1)  back  again*!  the  firing  apring  (2) 
and  then  relenaea  the  pin.  It  atrikea  the  timr-delnv 
cartridge  (4),  initiating  the  time-delay  pvrotechnic 
train.  After  a  predetermined  time,  the  rutting  blade 
(4-\)  in  propelled  forward  through  the  cutter  houaing 
(1),  aevering  the  rerfing  line*  and  atopping  again*! 
the  end  plug  (6).  I  he  XM  aeriea  cutter*  were  deaigned 
for  a  one-time  uae. 

2.2.1  KXI’F.IUMKNTAI.  RUFFING  -  LINK  CTT- 
TKHS.  \  number  of  diareefing  device*  actuated  by 
electrical  inipulaea  and  by  clockwork  and  other  me- 
cl.unical  mean*  have  been  uaed  in  the  fatal,  or  are 


under  development,  in  an  attempt  to  provide  delay 
timing  which  ia  accurate  under  widely  varying  tem¬ 
perature*.  The  major  difficulty  encountered  with  thene 
device*,  eapeciallv  thoae  uaing  mechanical  timer*, 
ia  the  effect  of  the  high-g  ahock  on  the  timing-ayatem 
operation  during  deployment. 

2-3  Automatic  Parachuto  Ripcord  Roloaso. 

The  operation  of  aircraft  and  high  altitude*  and  super- 
aonic  apeeda  hux  created  a  requirement  for  automatic 
ilevicea  to  actuate  emergency -encape  peraonnel- 
|Mirnchutr  ayatema.  The  Type  F-l  I)  Automatic  Para¬ 
chute  llipcord  lieleaae  (big.  9-14)  automatically  pull* 
the  parachute  ripcord  after  the  arming  cable  of  the 
unit  haa  been  pulled  (Ref  9-12;  MII.-R -25565A).  The 
relenae  operate*  only  after  the  lapae  of  a  pre-set  time 
interval  and  below  a  pre-act  nltitude  pressure  after 
timer  actuation.  The  automatic  ripcord  release  can 
be  net  to  operate  after  a  time  delay  of  from  1  to  13 
sec  and  for  altitudes  between  5.000  and  20,000  ft. 
\*  shown  in  figure  9-15,  the  release  consists  of  a 
power  source  in  the  form  of  a  main  spring  (25),  a  timer 
mechanism  (5)  and  an  aneroid  leak  indicator  which 
also  indicates  altitude.  Kxcept  for  the  arming  and 
power  cables,  the  entire  release  ia  enclosed  in  a 
rainproof  cane  approximately  2S  by  2‘/i  by  4iy  in.,  with 
a  removable  cover  to  allow  winding  and  setting  of  the 
mechanism.  To  operate  the  release  the  following  op¬ 
era!  iona  must  be  performed: 

a.  Rind  the  main  apring  (25)  fully. 

b.  Lift  timer  knob  (19),  pull  the  power  cable  (21) 
from  the  case,  ami  act  the  desired  lime  delay. 

c.  Set  the  desired  altitude  by  turning  the  aneroid 


h'ig.  9 -12  Reefing  Line  ('.utter.  Heavy  Duty,  Type  VC-1 
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Fig.  9-l3a  Reefing  Line  Cutler,  Type  ,YW-9 


setting  pointer  (11 ). 

d.  Replace  the  cover  on  tlie  case  and  tighten  the 
cover  screw  securely. 

e.  I’ull  the  arming  cable  out  of  the  case. 

The  escapement  mechanism  begins  to  operate  after 
the  predetermined  altitude  has  been  reached.  The  time 
is  accurately  measured  and  the  main  spring  (25)  un¬ 
winds  at  a  uniform  rate  for  the  duration  of  the  time 
set.  After  the  pre-selected  time  has  elapsed,  the  re¬ 
maining  (major)  portion  of  the  mainspring  energy  re¬ 
tracts  the  power  cable  (21),  which  pulls  the  parachute 
ripcord. 

2.4  Parachute  Compartment  Door  Rolooto.  The 

opening  of  the  parachute  compartment  door,  or  release 
of  the  whole  door,  at  high  aircraft  speeds  is  essential 
in  aircraft  deceleration  and  for  successful  missile  or 
drone  recovery.  The  problem  is  usually  not  as  simple 
as  it  appears.  I'he  unlatching  meihaniam  must  func¬ 
tion  reliably  under  environmental  extremes,  such  as 
low  temperatures  (around  -65  F),  high  altitude,  high 
acceleration,  and  severe  vibration.  The  mechanism 
must  not  have  an  adverse  effect  on  the  performance 
of  the  aircraft  or  missile,  such  as  adding  extra  drag. 
Generally,  the  space  allotted  inside  the  vehicle  for 
this  device  is  small.  For  aircraft  deceleration,  actu¬ 
ating  devices  based  on  mechanical  or  solenoid  prin¬ 
ciples  are  commonly  used.  For  missile  applications, 
explosive  bolts  have  been  used  successfully.  These 
bolts  have  various  configurations,  depending  on  the 
particular  application,  and  have  been  put  to  other 
uses,  such  as  opening  landing-bag  hatches  on  mis¬ 
siles,  or  releasing  wing  tanks  on  piloted  aircraft. 
One  feature  which  is  common  to  all  explosive-bolt 
functioning  is  that  it  is  actuated  by  one  or  more 
electrically  ignited  explosive  squibs.  Several  of  the 
principles  which  have  proven  successful  during  actual 


operation  are  explained  below. 

2.4.1  EXPLOSIVE  BOLT.  SHEAR  -  PIN  TYPE. 

Fig.  9-16  shows  how  an  explosive  bolt  may  be  used 
to  separate  a  tail  cone,  containing  a  parachute,  from 
the  rest  of  the  vehicle.  The  bolt  installation  in  shown 
in  Detail  A  of  the  drawing,  and  in  also  shown  dis¬ 
assembled.  The  barrel,  the  squib,  and  the  plug,  which 
in  held  in  place  by  the  rivet,  are  attached  to  the  air¬ 
frame.  The  screw  is  inserted  through  a  hole  in  the 
cone,  then  screwed  into  the  plug.  With  this  type  of 
installation,  the  head  of  the  bolt  is  flurh  with  the 
skin  of  the  fuselage.  When  the  squib  fires,  the  plug 
shears  the  rivet,  and  the  plug  and  screw  are  ejected, 
tli Us  releasing  the  parachute  and  cone. 

2.4.2  EXPLOSIVE  BOLT,  FRANGIBLE  TYPE. 
Fig.  9-1?  shows  this  bolt,  both  assembled  and  dis¬ 
assembled.  When  the  squib  explodes,  the  internal 
pressure  causes  the  bolt  to  fracture  and  break  away 
at  the  section  that  has  been  weakened  by  undercut¬ 
ting,  releasing  the  compartment  door  or  other  device. 
This  design  of  bolt  uses  one  squib,  which  is  con¬ 
sidered  good  design  practice  only  if  reliability  is 
demonstrated  bv  a  large  number  of  functional  tests; 
therefore,  the  figure  is  intended  only  to  illustrate  n 
principle  of  operation. 

2.4.3  PIN  PULLER.  The  basic  operating  principle 
of  this  type  of  device  is  illustrated  in  Fig.  9-18.  It 
consists  of  a  cylinder,  containing  a  piston  that  is 
attached  to  the  retaining  pin  of  the  compartment  door 
or  to  a  device  with  a  function  similar  to  a  retaining 
pin.  Prior  to  actuation,  the  piston,  with  the  retaining 
pin  attached,  is  held  in  place  in  the  assembly  by  a 
shear  pin.  The  actuating  force  is  provided  by  two 
explosive  squibs,  which  give  higher  reliability  than 
one  does.  When  either  or  both  of  the  squibs  fire,  the 
internal  pressure  produced  causes  the  shear  pin  to 
break,  and  the  piston  to  move  in  the  cylinder  (to  the 
left  in  Fig.  9-18),  pulling  the  retaining  pin  out  of  the 
mechanism  to  be  actuated.  A  vent  is  required  to  pre¬ 
vent  compression  of  the  air  ahead  of  the  piston  from 
interfering  with  the  piston’s  motion. 

2.4.4  PRIMACORD.  Primacord  (PETN  Explosive- 
filled  Detonating  Cord)  has  been  used  with  highly 
reliable  results  in  the  design  of  “brute  force”  meth¬ 
ods  of  opening  decelerator  compartment-doors.  The 
Primacord,  which  resembles  a  thin  braided  rope,  is 
stored  in  a  channel  running  lengthwise  in  the  center 
of  the  compartment  cover.  Both  sides  of  the  cover  are 
hinged  to  the  edges  of  the  compartment  opening,  and 
may  be  spring-loaded.  Two  electrical  actuators  are 
used  for  the  ignition  of  the  Primacord.  Upon  detona¬ 
tion,  the  compartment  cover  is  ruptured  along  the 
Primacord  channel  and  forced  open.  The  decelerator 
must  be  so  packed  and  stowed  in  the  compartment  that 
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Fig.  9-/3 b  Reefing  Line  Cutler,  Type  .Ytf-9  ( Disassembled ) 


it  in  protected  from  the  effects  of  the  Primacord  ex¬ 
plosion. 

2.5  Parachute  Ejection  Devicas.  The  entire 

success  of  the  operation  of  an  aerodynamic  deceler- 
ator  system  depends  upon  the  effectiveness  with 
which  the  decelerator  is  deployed.  Thus,  the  ejection 
device  constitutes  an  integral  part  of  any  decelerator 
system.  For  the  majority  of  systems  which  are  de¬ 
signed  to  operate  only  at  relatively  low  speeds,  a 
simple,  spring-loaded  pilot  parachute  will  perform  the 
function  of  deploying  the  decelerator.  However,  for 
systems  which  will  be  reqnired  to  deploy  behird  tumb¬ 
ling  or  blunt  bodiea,  or  which  are  to  be  deployed  at 
high  speeds,  more  force  for  the  ejection  of  the  aero¬ 
dynamic  decelerator  is  reqnired.  Three  types  of  de¬ 
vices  have  been  developed  for  ejection:  deployment 
guns  (ejector  gnns),  which  use  projectiles;  mortars, 
which  exert  force  directly  on  a  deployment  bag;  and 
blast  bags,  which  are  fabric  bags  used  to  confine  an 
explosion. 


2.5.1  DEPLOYMENT  GUN.  These  devices  have 
been  uaed  in  a  number  of  applications  (Ref  9-13, 
9-14,  9-15,  9-16)  as  deployment  aids  for  firot-etage 
aerodynamic  decelerators.  In  a  typical  deploymeut- 
gnn  design  (Fig.  9-19),  a  projectile  weighing  ap¬ 
proximately  2  lb  is  driven  out  of  a  barrel  by  pressure 
generated  when  a  powder  charge  is  ignited  electri¬ 
cally,  or  by  a  firing  pin  and  primer  cup.  A  balsa-wood 
pod  or  coil-epriog  arrangement  absorbs  the  recoil 
when  the  gun  ia  fired.  The  kinetic  energy  of  the  pro¬ 
jectile,  acting  through  a  wire  rope  or  nylon  webbing, 
pulls  the  pilot  parachute  out  of  its  stowage  compart¬ 
ment  into  the  airstream  behind  tho  vehicle. 

The  same  system  may  also  be  used  to  remove  the 
compartment  door  or  cover,  end  then  deploy  the  para¬ 
chute.  In  such  a  system,  the  projectile  only  pulls  the 
cover  from  the  compartment.  The  cover  then  acts  as 
a  drag  plate  in  the  air  stream,  and  by  means  of  a 
bridle  pulls  the  bag-packed  pilot  chute  from  the  com¬ 
partment,  initiating  the  decelerator  deployment  se- 
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SEC.  3  CONTROL  DEVICES 


Fig.  9-14  Automatic  Parachute  Ripcord  Release, 
Type  F-IR,  Cover  Removed 

quencr. 

2.5.2  I1EPI.OYMENT  MORTAR.  Mortar-type  ejec¬ 
tion  methods  are  particularly  effective  tor  rearward 
ejection  of  decelerntors  from  vehiclea.  A  canvaa 
deployment  bag,  with  a  double-ply  canvaa  baae,  'a 
ejected  from  the  stowage  compartment  by  the  explo- 
«i on  of  a  powder  charge  acting  directly  on  the  bag. 
Rearward  deployments  of  aerodynamic  deceleratora 
weighing  about  25  lb  have  been  aucceaafully  ac¬ 
complished  with  30-  to  40-gram  chargee  of  black 
powder  ignited  electrically. 

2.5.3  HI  .AST  RAG.  A  blast  bag,  or  bladder,  has 
been  used  in  some  aerodynamic  decelerator  systems 
for  the  ejection  of  the  decelerator  from  its  stowage 
compartment.  In  this  system  the  blast  bag,  construct¬ 
ed  of  nylon  cloth  or  canvas,  is  used  to  confine  the 
explosion  of  the  propellant  powder,  protecting  the 
decelerator  pack  from  burn  damage.  This  type  of  de¬ 
ployment  ia  particularly  advantageous  if  the  decel¬ 
erator  must  be  ejected  in  a  direction  perpendicular 
to  the  air  stream,  requiring  a  higher  ejection  velocity 
than  rearward  deployment,  and  hence  a  larger  powder 
charge.  The  results  of  testa  of  the  variation  of  ejec¬ 
tion  velocity  with  FFPg  black  powder  charge  weight 
for  a  25-lb  pack  is  shown  in  Fig.  9-20.  Theoretical 
trajectories  for  a  decelerator  pack  ejected  perpendic¬ 
ular  to  the  airstream  under  the  conditions  noted  are 
shown  in  Fig.  9-21. 


The  purpose  of  the  control  device  ia,  aa  the  name 
implies,  the  control  of  a  specific  function  within  the 
sequence  of  decelerator  system  operation.  This  con¬ 
trol  component,  when  employed  as  an  independent 
device,  will  in  most  caaes  furnish  electrical  impulses 
to  the  actuating  device  to  initiate  its  function.  Hie 
moat  frequently  used  devices  to  control  sequence 
functions  are  various  types  of  timers;  other  control 
devices  include  g-Mwitches,  dynamic-  and  static- 
pressure  sensors,  and  force  sensors. 

3.1  Timing  Devices. 

3.1.1  RESISTANCE-CAPACITANCE  TIMERS  (R-C 
CIRCUIT).  Simple  resistance-capacitance  timing  cir¬ 
cuits  may  be  constructed  from  a  capacitor  of  saffici- 
ent  size  and  design  to  hold  its  electrical  charge  for 
a  given  period  of  time,  and  a  suitable  resistor  through 


Fig.  9-1 5  Automatic  Parachute  Ripcord  Release,  Type 
F-IR,  Major  Components 

Identifications  (Continued  on  next  page) 
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Identifications  for  9-15 

1. 

Intermediate  drive 

13. 

SjirinK  adjustment 

gear  pinion 

lever 

2. 

Holler  drive  gear 

14. 

Safety  latch  pawl 

pinion 

15. 

Safety  lutcli 

3. 

Actuating  pinion 

15. 

Safety  lever  and 

drive  gear 

shaft 

4. 

Pinion  and  roller 

17. 

Stop  plate  pinion 

r>. 

F.scnpement 

18. 

Stop  plate  rack 

6. 

Cam  contact  arm 

19. 

Timer  knob 

7. 

Arming  lever 

20. 

Stop  plate  pawl 

8. 

Aneroid  cam 

trip 

9. 

Arming  cable 

21. 

Power  cable 

10. 

Aneroid 

22. 

Drive  gear 

IT. 

Altitude  setting 

23. 

Stop  plate  gear 

pointer 

24. 

Power  cable  spool 

12. 

Rocker 

25. 

Main  spring 

arm 

26. 

Intermediate  gear 

which  it  can  discharge  at  a  given  rate  to  control  the 
time  element.  Of  course,  the  timing  accuracy  obtained 
is  not  very  good  with  so  crude  an  arrangement,  since 
variations  in  component  tolerances  and  environmental 
conditions  imposed  upon  the  system  will  change  the 
condenser  discharge  time.  However  with  the  addition 
of  a  few  simple  components,  a  timer  can  be  built 
which  has  no  moving  parts  to  be  adversely  affected 
by  vibration  or  acceleration  forces,  and  which  can 
be  isolated  from  adverse  temperature  and  pressure 
environments  by  its  packaging.  Since  it  can  be  con¬ 
structed  with  small  physical  size,  weight,  and  volume, 
this  method  of  timing  has  wide  potential  application 
in  aerodynamic  decelerator  systems. 

A  typical  circuit  diagram  of  an  R-C  timer  is  shown 
in  Fig.  9-22.  When  the  switch  S)  is  in  position  a,  the 
capacitors  C]  and  C2  will  be  kept  close  to  the  break¬ 
down  voltage  of  the  regulating  diode  /)]  by  battery  B. 
At  the  same  time,  a  short  will  be  maintained  arross 
the  pyrotechnic  initiating  switch  S2  and  diode  f)2-  If 
switch  S}  is  then  moved  to  position  b,  the  capacitor 
C 2  will  discharge  its  stored  electrical  energy  through 
resistor  R 2.  The  time  of  discharge  will  depend  upon 
the  resistance  of  R 2-  The  voltage  across  capacitor  ('2 
will  drop  until  it  has  roached  a  value  equal  to  the 
difference  between  the  voltage  across  capacitor  Cl 
and  the  breakdown  voltage  of  diode  1)2.  At  this  point, 
the  diode  02  permits  current  flow,  and  the  resulting 
surge  of  current  into  capacitor  C 2  will  initiate  the 
pyrotechnic  switch  S2. 

The  single-pole,  double-throw  action  of  switch 
Si  can  be  incorporated  in  0  variety  of  primary  se¬ 
quence-initiating  devices,  including  latching  relays 
operated  by  radio-frequency  receivers,  g-switches. 


pressure  switches,  arming  lanyard  switches,  and 
others.  The  component  shown  as  switch  .S'2  can  be 
either  a  pyrotechnic  switch,  which  is  commercially 
avuilable  and  cun  be  obtained  in  various  open-  and 
closed-contact  configurations,  or  a  sensitive  relay 
coil.  If  the  latter  is  used,  a  separate  power  source 
to  initiate  the  octuuting  component  will  be  required. 
This  method  of  timing  is  particularly  well  suited  for 
incorporation  in  a  combined  control-nnd-nctuation 
device.  In  this  case,  the  switch  S 2  would  be  replaced 
by  the  actuating  component,  generally  an  electrically 
igniteil  squib. 

lie  cause  of  its  design  and  performance  character¬ 
istics,  this  device  can  be  located  almost  anywhere 
in  a  givenvehiclc.lt  cun  be  completely  self-contained, 
using  miniature  batteries  of  extremely  long  shelf-life; 
provisions  for  checking  the  operational  functioning  of 
the  timing  circuitry  can  be  included  in  the  design. 

3.1.2  THERMAL  T1MF.RS.  This  type  of  timing 
device  depends  upon  a  bimetallic  strip  that  closes 
a  set  of  contact  points  after  a  predetermined  time- 
interval,  when  it  bends  on  being  heated  at  a  known 
rate  by  an  electrical  resistance  coil.  In  most  such 
devices,  the  closing  of  the  contact  points  of  the  de¬ 
lay  timer  actuates  a  relay  installed  in  the  same  her¬ 
metically  sealed  case.  The  relay,  in  turn,  closes  a 
net  of  switch  points  in  the  actuating  device  circuit 
and  de-energizes  the  thrrmnl  delay  heater  coil.  Since 
this  type  of  device  is  electrically  activated,  it  can 
be  located  almost  anywhere  within  the  vehicle  or 
suspended  load.  The  device  itself  is  relatively  light 
in  weight,  and  is  not  bulky.  However,  since  the  elec¬ 
tric-current  requirements  for  the  operation  of  the 
thermal  delay-timer  are  generally  quite  high,  a  fairly 
substantial  primary  power-source  is  required. 

\  schematic  circuit  Jiagram  for  a  thermal  time- 
delay  relay  is  shown  in  Fig.  9-23.  When  the  timer 
initiation  voltage  is  applied,  resistance  element  A 
heats  bimetallic  strip  B  at  a  controlled  rate.  At  the 
end  of  the  pre-set  interval,  B  contacts  C,  closing 
the  circuit  between  the  initiation-voltage  source  and 
relay  coil  D.  Contact  3  closes,  completing  the  circuit 
to  the  actuation  device;  at  the  same  time  contact  1 
opens,  de-energizing  the  thermal  delay  heater,  and 
contact  2  closes,  keeping  the  relay  coil  attached  to 
the  initiation  voltage  source.  The  accuracy  of  the 
timing  cycle  depends  largely  upon  the  accuracy  of 
the  electrical  voltage  fed  into  the  thermal  delay; 
however,  extremes  of  ambient  temperature  can  also 
affect  the  timing  accuracy.  Both  relays  and  the  thermal 
switch  are  also  vulnerable  to  the  dynamic  environ¬ 
ments  of  vibration,  acceleration,  and  shock. 

3.1.3  PYROTECHNIC  TIMER.  Pyrotechnic  delay 
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elements  are  used  for  timing  purposes  primarily  in 
reefing-Iine  cutters,  and  as  time-override  devices 
for  system  control  functions  based  upon  phenomena 
other  than  time  lapse.  A  pyrotechnic  delay  element 
consists  of  a  primer,  a  delay  train,  and  an  igniter 
which  fires  the  main  charge,  For  any  given  delay 
time,  this  type  of  element  will  probably  have  the  low¬ 
est  bulk  and  weight  of  any  timing  method,  and  is 
particularly  well  suited  for  direct  incorporation  into 
actuation  devices.  At  present,  however,  timing  ac¬ 
curacies  vary  considerably  with  temperature,  and  are 
not  adequate  to  ollow  utilization  of  this  timing  method 
for  other  than,  primarily,  override  functions,  and  in 


those  applications  where  tolerances  are  broad.  Timing 
accuracies  of  better  than  i.  10  per  cent  of  the  rated 
delay-time  are  difficult  to  obtain.  Initiation  of  the 
timing  cycle  may  be  accomplished  either  by  electrical 
or  mechanical-pyrotechnic  means. 

3.1.4  MF.CIIANICAI,  TIMING  MOTORS.  The  me¬ 
chanical  timing  motor,  in  the  form  of  a  clock-type 
escapement  mechanism,  has  been  used  with  good 

reliability  in  sequence  control  applications,  although 
satisfactory  operation  at  constant  acceleration  above 
50g  becomes  doubtful.  For  most  applications  a  cam 
or  series  of  cams  is  mounted  on  the  drive  shaft  of 
the  mechanical  timing  motor.  These  cams  open  or 
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Fig.  9.19  Parachute  Deployment  Cun 


close  Microswitches  connected  to  the  actuating  de¬ 
vice  in  a  predetermined  sequence. 

Other  types  of  mechanics!  timing-motors  have  been 
constructed  using  a  Neg'ator  (constant-force  spring) 
type  motor  and  a  centrifugal-friction  governor  with 


Fig.  9-20  Blast  Bag  Ejection  Velocity 


a  balance  motor  designed  to  make  its  performance 
independent  of  accelerations  to  which  the  device  may 
be  subjected.  The  Neg’ator  (Ref  9-17)  is  a  strip  of 
flat  spring  material  which  has  been  given  a  curvature 
by  continuous  heavy  forming  at  a  constant  radius. 
In  its  relaxed  condition  the  Neg’ator  is  a  tightly 
wound  spiral;  by  reverse-winding  the  free  end  of  the 
spring  around  a  drum  larger  than  the  relaxed  spiral 
diameter,  the  tendency  of  the  spring  to  recnrl  to  its 
pre-set  curvature  can  be  utilized  to  make  a  mechani¬ 
cal  motor  with  nearly  constant  output  torque.  A  ma¬ 
jority  of  the  commercially  available  mechanical  tim¬ 
ing  motors  are  activated  by  withdrawing  a  lanyard. 
This  activation  method,  of  course,  severely  restricts 
the  location  of  the  timing  device  within  the  vehicle. 
Mechanical  timing  devices  are  now  available  which 
wind  and  activate  themselves  by  electrical  impulses. 

3.1.5  ELECTRICAL  TIMING  MOTORS.  Electrical 
timing  motors  are  perhaps  the  most  widely  used  de¬ 
vices  for  time-sequence  functions.  In  most  applica¬ 
tions,  low-voltage  d-c  motors  are  used,  with  the  rotor 
shaft  connected  through  suitable  reduction  gears  to 
a  cam  shaft.  'The  cams  open  or  close  electrical  con¬ 
tacts  in  a  predetermined  sequence  during  shaft  rota¬ 
tion.  This  timing  method  has  certain  disadvantages; 
for  example,  in  some  types  of  electrical  timing  motors, 
resonance  of  the  motor  brushes  at  an  excitation  fre¬ 
quency  of  approximately  85  cps  has  been  observed, 
making  satisfactory  operation  questionable  where 
vibration  is  present,  and  indicating  a  requirement 
for  extensive  environmental  testing  before  use.  The 
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immt  serious  disadvantage,  however,  is  the  furl  that 
voltage  variation  will  to  some  extent  affrct  thr  dur¬ 
ation  of  thr  timing  ryrlr,  and  in  moat  cuncs  a  wall 
regulated  primary-power  aupply  will  be  required,  b  ig. 

-'2 4  in  a  plot  of  voltage  variation  against  time  for 
one  revolution  of  the  ram  shaft  for  one  partirulnr 
electrical  timing  motor  tented. 

(’.ompared  with  other  timing  methods,  electrical 
motor  timers  are  relatively  heavy  devices.  Their  major 
advantage  is  that  the  timing  device  may  be  located 
almost  anywhere  within  the  vehicle. 

3.2  g*  Switches,  t  he  use  of  g-switches  (inertia- 
activated  switches)  allows  control  of  actuation  func¬ 
tions  to  be  initiated  when  a  pre-set  level  of  acceler¬ 
ation  or  deceleration  is  reached.  The  operation  of 
almost  all  inertia  switches  is  based  on  a  muss-spring 
system,  os  shown  in  the  simple  case  of  big.  9-2f>. 
Here,  a  weighted  contact  arm  4,  which  is  an  integral 
part  of  a  d-c  relay  RR' ,  is  utilized  as  the  sensory 
component.  Acceleration  forces  acting  upon  the  mass 
will  bend  the  contact  arm  ('■  until  contact  is  made  with 
D,  thus  energizing  both  coils  of  the  electrical  relay 
by  completing  the  circuit  through  negative  terminal  1. 
Coil  R  then  closes  contacts  F-F,  completing  the  cir¬ 
cuit  to  the  actuating  device,  sad  also  holding  C.-l) 
closed  after  the  accelerating  force  is  removed. 

In  general,  the  construction  of  the  inertia  switch 
is  such  that  it  is  sensitive  to  g-forces  in  one  direction 
only,  although  it  will  also  respond  to  forward  com¬ 
ponents  of  accelerations  in  other  directions.  Types 
of  g-switches  have  been  designed  which  operate  only 
when  subjected  to  decelerations  above  a  pre-set  mag¬ 
nitude  and  sustained  for  a  definite  minimum  time-dura¬ 
tion.  These  switches  are  insensitive  to  g-forces  of  con¬ 
siderably  grenler  magnitude  if  the  time  duration  is 


Fig.  9-22  R-C  Time  Delay  Circuit 
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too  short,  and  arc  commonly  used  to  control  the  actu¬ 
ation  of  disconnects  upon  ground  impact  of  the  vehi¬ 
cle;  they  have  also  been  used  for  the  initiation  of 
time  sequencing-devices  in  missile-recovery  systems. 

3.3  Pressure  Switches.  Pressure  -  actuated 

switches,  which  control  actuating  devices  when  a 
pre-set  pressure  level  or  pressure  rate-of-change  has 
been  reached,  generally  depend  on  bellows-type  an¬ 
eroids  which  expand  or  contract  with  changing  pres- 


thermal.  oelay  relay 


Fig.  9-23  Thermal  Time  Delay  Circuit 
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sures,  After  tlir  bellows  have  moved  a  predetermined 
distance,  which  accura  at  a  sjiecific  pressure-level 
or  rHte-of-pressure  change,  a  switch  ia  actuated,  con¬ 
necting  the  electrical  power  source  with  the  control¬ 
led  device.  Two  types  of  pressure-actuated  control 
devices  have  been  constructed,  static-  (or  absolute-  > 
pressure  sensors  and  dynamic-  (or  differential-  )  pres¬ 
sure  sensors, 

3.3.1  STATIC  -  PRESS' IRK  SWITCH KS.  Static- 
pressure -actuated  switches  (barometric  switches)  are 
frequently  used  to  initiate  the  deployment  of  first-  or 
final-stage  aerodynamic  decelerators  in  multi-stage 
deceleration  systems.  V  variety  of  aneroid  switches 
in  various  configurations  are  commercially  available 
for  this  purpose,  a  few  of  which  are  shown  in  I'  ig. 
*5-26.  ITie  simplest  principle  of  operation  is  the  utili¬ 
zation  of  the  expanding  bellows  to  make  or  break  a 
set  of  electrical  contacts.  Although  a  fairly  high  de¬ 
gree  of  reliability  and  uccuracy  can  be  achieved  with 
this  method ,  intermittent  operation  may  be  caused  bv 
contact  chatter  in  a  strong  dynamic  environment.  Re¬ 
liability  of  the  control  device  may  be  increased  bv 
substituting  a  snap-action  switch  for  the  electrical 
contacts,  but  accuracy  probably  will  not  be  high  be¬ 
cause  of  additional  frictional  forces  and  tolerances 
introduced  in  operating  the  switch.  Sensitivity  nnd 


Fig.  9-24  Effect  of  Voltage  Variation  on  Timer  Speed 
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I'ig,  9-25  Simple  C-Switch  Circuit 

accuracy  of  the  barometric  switch  can  generally  be 
increased  by  utilizing  two  or  more  bellows,  internally 
interconnected.  Tests  have  shown,  however,  that  in 
a  vibratory  environment  multiple  bellows  will  decrease 
the  reliability  of  the  device.  Probably  the  highest 
reliability  ami  accuracy  can  be  obtained  by  locating 
the  electrical  (ontacts  inside  the  bellows;  with  this 
arrangement,  contnet  closure  is  obtained  below  the 
set  altitude  with  a  minimum  of  components.  This  ar¬ 
rangement  has  minimum  sensitivity  to  shock  and  vi¬ 
bration  applied  along  the  critical  axis  perpendicular 
to  the  plane  of  the  bellows.  The  location  of  the  bel- 
lows-cnntrnlled  device  in  the  vehicle  is  of  major  im¬ 
portance  if  operation  at  precise  pressure  levels  is 
required. 

3.3.2  DYNAMIC-PRESSURE  SWITCHES.  Because 
of  the  complexity  required  for  accurate  and  reliable 
functioning  under  adverse  environmental  conditions, 
dynamic -pres sure  (or  differential-pressure)  sensors 
that  would  be  routinely  adaptable  to  decelerator  sys¬ 
tem  applications  have  not  reached  an  advanced  state 
of  development.  Devices  have  been  designed  which 
consist  essentially  of  two  independent  bellows,  one 
to  sense  static  pressure  and  the  other  for  ram  pres¬ 
sure.  The  physical  arrangement  of  the  bellows  ia  such 
that  the  movement  of  a  pivoted  lever  is  blocked  until 
the  resultant  expansion  of  the  two  sensors  allows  the 
movement  of  the  lever, and  actuation  of  a  Microswitch. 
It  is  also  possible  to  utilize  a  strain-gage  differential- 
pressure  transducer  as  a  sensor  and  let  the  resulting 
diagonal  bridge  current,  which  is  a  function  of  the 
applied  differential  pressure,  actuate  a  sensitive  cur¬ 
rent  relay  or  vacuum  switch.  In  order  to  obtain  a  high 
degree  of  accuracy,  however,  the  applied  bridge  volt¬ 
age  must  be  maintained  constant,  since  the  bridge 
output  current  is  also  a  function  of  the  input  voltage. 
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3.4  Fore*  Sensor*.  Control  devices  in  which 

the  principle  of  force-sensing  ia  employed  are  not  very 
common  at  present,  primarily  becauae  of  the  limited 
number  of  applications  for  thin  type  of  device,  h'orce- 
sensing  devices  are  used  chiefly  for  control  of  the 
point  of  disconnect  of  aerodynamic-deceleration  stages 
from  the  load,  either  prior  to  deployment  of  a  succeed¬ 
ing  stage  or  upon  ground  contact.  Here  again,  a  vari¬ 
ety  of  principles  may  be  used.  Some  force-sensing 
devices  employ  springa,  and  operate  on  the  stress- 
relaxation  principle;  others  utilize  hydraulic  pressure 
acting  upon  a  diaphragm,  which,  when  deflected  a 
predetermined  distance,  actuates  a  Microswitch,  force 
sensors  may  also  be  built  with  a  strain-gage  link, 
using  bridge  output-currents  directly  for  switching  or 
actuating  purposes. 

SEC  4  GROUND -IMPACT 
SHOCK -ATTENUATION  DEVICES 

Generally,  designers  of  aerospace-vehicle  recovery 
and  air-drop  systems  strive  to  achieve  a  rate  of 
descent  of  25-30  fps.  However,  there  are  advantages 
in  desiring  for  the  highest  rate  of  descent  at  which 
a  drop  can  be  accomplished  successfully  without  un¬ 
due  damsge  to  the  load.  Hence,  most  systems  which 
require  a  limitation  on  imposed  impact  forces  are  de¬ 
signed  for  the  beat  possible  compromise  between  the 
rate  of  descent  and  the  ground-impact  shock-attenua¬ 
tion  systems.  In  some  cases,  the  resistance  to  damage 
of  the  dropped  object  at  the  acceptable  rate  of  descent 
is  sufficient  to  make  the  use  of  an  impact  shock  at¬ 
tenuation  system  unnecessary. 


Fig.  9-27  Ground-Impact  Shock-Attenuation  Device 


There  are  three  general  methods  by  which  ground- 
impact  shock  forces  imposed  on  the  load  can  be  re¬ 
duced:  (1)  shock  attenuation  by  ground  penetration; 
(2)  shock  attenuation  without  penetration;  and  (3) 
I  ire -contact  retardation.  Although  the  three  methods 
employ  distinctly  different  devices,  they  all  satisfy 
the  main  objective  of  a  shock-attenuation  system:  to 
provide  an  opposing  force  <n  the  direction  of  the  ve¬ 
locity  of  the  object  to  be  recovered  until  its  momentum 
is  reduced  to  zero.  At  the  same  time,  depending  on 
the  fragility  of  the  load,  these  devices  must  slso  con- 
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Fig.  9-26  Static  Pre  tsure  Actuated  Switches 


trol  the  rise  time  and  the  magnitude  of  the  imposed 
force  during  deceleration.  An  added  requirement  for 
the  landing-deceleration  system  ia  the  firevention  of 
toppling  of  the  load  during  or  after  the  deceleration 
phase. 

4.1  Shock  Attenuation  by  Ground  Penetration. 

I  lie  ground-penetration  method  ia  moat  commonly  Used 
for  the  recovery  of  miaailea.  In  thin  method,  a  spike 
rigidly  attached  to  the  miaaile  nose  sertion  ia  em¬ 
ployed  d  ig.  '*-271.  I'he  main  attraction  of  thin  method 
ia  its  simplicity.  Its  use  is  advantageous  when  the 
volume  in  the  missile  does  not  permit  the  stownge  of 
a  large  |uirachute  or  of  air-bag  derrleriitorn.  Its  dis¬ 
advantage  is  that  the  effectiveness  of  the  spike  de¬ 
pends  largely  upon  the  type  and  hardness  of  the  ter¬ 
rain  on  which  impact  occurs.  I'he  use  of  this  method 
ol  landing  shock  attenuation  requires  high  rates  of 
load  descent  (liO-fiO  fpa)  so  that  the  spike  will  pene¬ 
trate  the  ground  to  a  depth  that  will  prevent  toppling 
of  the  vehicle.  As  a  result  of  the  required  high  rate 
of  impact,  the  missile  structure  must  be  designed  to 
withstand  the  high  decelerutive  forces  in  the  direction 
imposed  by  the  spike. 

4.2  Non  •  Ponotrating  Mothodi.  T  his  general 

class  of  shock-attenuution  devices  is  relatively  in¬ 
different  to  terrain  conditions.  Performance  depends 
upon  placement  of  the  shock-attenuation  device  br- 


hig.  9-28  Parallel  Paper  Honeycomb ,  Plastic  Foam 
and  Air  Hag  Force  vs  Deflection  Characteristics 

tween  the  load  and  the  ground  before  impact.  Some 
of  the  devices  used  for  the  method  of  shock  atten¬ 
uation  are  inflatable  bags,  paper  honeycomb  cushion, 
and  foamed  plastics.  Representative  deceleration 
force  versus  stroke  diagrams  for  the  three  shock  at¬ 
tenuation  devices  are  shown  in  figure  9-28. 


Fig.  9-29  Landing  Hag 
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1.2.1  INIT  ATAHI.K  MACS.  The  inflatable-hug 
h y « t r m  (Fig.  9-29)  may  ronaiat  of  un r  or  more  bag* 
which  arc  fabricated  of  strong,  impermeable  fabric. 
Initially,  the  bugs  are  stored  in  a  collapsed  state  in 
compartments  provided  for  on  the  load  and  are  inflrted 
prior  to  ground  contact.  The  geometrical  configuration, 
mass,  and  strength  distribution  of  the  vehicle  or  load 
to  be  decelerated  determine  the  si/e,  sha|ie,  and  lo¬ 
cation  of  the  bags. 

Three  different  types  of  inflatable  bugs  are  cur¬ 
rently  used  in  recovery  or  landing  ahock-attenuation 
systems  (lief  9-18).  One  type  fills  with  uir  as  gravity 
extends  the  bug  vertically  below  the  load  during  de¬ 
scent.  Air  may  enter  the  bag  at  the  bottom  or  through 
ports  covered  with  one-way  flap  valves.  Kxhaust 
orifices,  covered  with  burst  diaphragms  to  prevent 
the  air  from  escaping  during  descent,  are  usually 
spaced  around  the  periphery  of  the  bag  or  at  the  top 
of  the  bag.  On  impact,  the  com  [cessed  air  escapes 
through  the  fixed-diameter  orifices  after  diaphragm 
burst-pressure  is  reached  and  as  landing  energy  ia 
absorbed.  \  second  type  of  bag  inflates  to  a  rela¬ 
tively  high  pressure  (12  psig)  from  a  compressed-air 
source  carried  by  the  load  or  vehicle.  On  impact,  the 
uir  again  exhausts  through  fixed-diameter  orifices 
after  diaphragm  burst-pressure  is  reached.  The  third 
type  of  bag  inflates  to  a  relatively  low  pressure  f/i 
psig),  and  at  impact  exhausts  air  through  variable 
orificea,  thereby  increasing  energy-absorption  effi¬ 
ciency. 

'The  critical  parameter  in  the  design  of  inflatable 
bags  is  the  release  rate  of  the  air  through  the  exhauat 
orifices  so  ss  to  expend  the  available  energy  simul¬ 
taneous  with  losd  or  vehicle  ground  contact  without 
excessive  ‘‘bottoming''  or  toppling  of  the  load.  The 
ideal  orifice  design  would  allow  air  to  escape  at  s 
rate  which  would  maintain  constant  deceleration  until 
the  end  of  the  stroke. 

In  designing  an  inflatable -bag  shock-attenuation 
system,  the  goal  ia  a  bag  configuration  satisfying  the 
requirements  of  the  particular  problem.  The  geometry 
and  the  dynamic  characteristics  of  the  vehicle  or  load 
will  generally  dictate  a  basic  bag  shape.  Toppling 
problems  will  usually  be  present  and  their  solution 
will  generally  require  care  in  the  bag  arrangement. 

Extensive  analysis  to  establish  criteria  for  the 
efficient  design  of  inflatable  bags  of  spherical  shape 
have  been  conducted  (Ref  9-18).  These  criteria  are  ap¬ 
plicable  to  all  inflatable-bag  types  provided  that  the 
relationship  of  bag  volume,  stroke,  sad  footprint  area 
ia  known. 

A  cross  plot  interrelating  various  parameters  to 
determine  bag  diameter  and  burst  pressure  for  e  num¬ 
ber  of  conditione  ie  ehown  in  Fig.  9-30.  These  and 


the  following  curves  are  lor  inflatable  bags  of  spheri¬ 
cal  shape  exhibiting  an  18  per  cent  elastic  deformation 
nt  the  design  burst-presaure  with  the  load  applied  by 
a  vehicle  having  a  flat  bearing  surface.  The  para¬ 
meters  A  and  H  represent 


(IT.2 


(9-1) 

A 

f  -r 

V 

and 

?fr  v*Fv 

(9-2) 

n  -  \  v  k 

f  4(h\-W) 

“max 


ft  here 


IT  m  Weight  of  load  or  vehicle  (lb); 

V  -  Vertical  descent  velocity  (ft,  sec); 

F  »  Vertical  force  exerted  on  the  suspension 
lines  and  risers  (lb); 

o_  _  »  Allowable  deceleration  rate  (»);  and 
mix  ^ 

K  «  Factor  related  to  orifice  efficiency. 


For  an  “ideal”  orifice,  a  value  of  1.0  for  K  may  be 
applied  for  all  impact  velocities.  For  the  conventional 
fixed-area  orifice,  K-factora  hsve  been  determined 
experimentally  and  are  plotted  againet  rate  of  descent 
in  Fig.  9-31.  The  variation  of  the  ratio  of  maximnm 
bag  pressure,  Pmax*  lo  diaphragm  burst-pressure, 
Tburst.  with  impact  velocity  for  fixed-ores  orifices 
and  two  different  initial  bag-inflation  pressures  are 
shown  in  Fig.  9-32.  These  data  allow  the  determina¬ 
tion  of  the  peak  internal  pressure  to  be  token  into  con¬ 
sideration  for  the  stress  analysis  of  the  bag.  The 
curves  plotted  in  Fig.  9-33  interrelate  impact  velocity, 
bag  radius,  orifice  ares,  and  diaphragm  burst-pressure. 

When  considering  the  design  of  inflatable  bags  in 
conjunction  with  a  particular  vehicle  or  load,  problems 
of  pitching  or  toppling  of  the  load  mast  be  taken  into 
account.  Suggested  methods  for  increasing  the  anti¬ 
toppling  characteristics  of  the  load  to  be  decelerated 
by  two  or  more  sir-filled  bags  are: 

(1)  Vary  the  distance  between  the  bags; 

(2)  Provide  a  means  for  changing  the  force-stroke 
relationship  of  one  or  mors  of  the  bags  as  compared 
to  the  otherin)  as  e  function  of  impact  angle  or  hori- 
xontnl  velocity  or  both; 

(3)  Provide  a  menus  for  reducing  friction  between 
the  ground  and  the  bag(a);  or 
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(4)  Limit  the  landing  condition!  to  those  which 
will  not  re  an  It  in  toppling. 

These  saggested  methods  ere  arranged  in  order  of 
increasing  complexity  for  any  given  vehicle  config- 
nrntioa.  The  foer  methods  should,  therefore,  be  con¬ 
sidered  in  the  order  listed. 

Materials  nsed  in  the  constrnction  of  inflatable 
bags  are  largely  selected  from  available  commer¬ 
cial  stock  or  materials  developed  for  military  ap¬ 
plications  other  than  inflatable-bag  construction.  The 
basic  yams  nsed  are  nsaally  of  the  synthetic  fiber 
family,  each  as  nyloa  or  Dacroa.  Important  factors 
to  consider  in  selection  of  inflatable-bag  material 
are  low  elasticity,  high  ratio  of  strength  to  weight, 
tear  reaiatance,  tempemtare  limitatioas,  and  adapta¬ 
bility  to  coas traction  techniques.  Basic  materials 
are  normally  coated  with  synthetic  rabber,  which  pro¬ 
daces  little  or  no  effect  oa  their  atrength. 

la  the  aelectioa  of  as  iaflatioa  system  for  inflat¬ 
able  bags,  parameters  of  weight,  bulk,  reliability,  sad 
cost  mast  be  carefally  weighed  against  the  require- 
meata  of  the  vehicle  or  load  to  be  decelerated.  Weight 
and  balk  are  normally  of  the  greatest  importance,  and 
these  parameters  are  stroagly  iaflaeaced  by  the  in¬ 
flation  press  are  and  tone  allowed  for  inflation.  The 
following  table  preseats  aa  order  of  merit  for  mere- 
seats tive  systems  witboat  regard  to  penalties  imposed 
am  the  system  by  aaaaaal  installation  or  environmental 
prob learn.  The  ratings  A,  8,  and  C  are  in  order  of 
desirability. 


System 

Wei^t 

Bulk 

Relia¬ 

bility 

Cost 

Limitations 

Blower 

(Fan) 

A 

A 

C 

C 

Low  Pressure- 
Low  Altitude 

Pressare 

Vessel 

C 

C 

A 

A 

Completely 

Sealed 

Sy.«-. 

Aspirator 

B 

B 

B 

B 

L.ow  Iaflatioa- 

Pressare 
Low  Altitade 
Completely 
Sealed 
Systems 


Data  from  water-impact  tests  with  spherical  air- 
Img.  indicate  that  pressare  sad  deceleration  rates 
are  approsimately  65  per  cent  es  great  for  water  im¬ 
pact  as  compared  to  land  impact  with  the  same  sys¬ 
tem.  Bag  diameters,  therefore,  may  be  redaced  a  boat 
15  per  cent  from  the  site  required  for  land  impact. 


ft*  9-31  Factor  K  Versus  Rata  of  Descent 

A  landing-bag  system  designed  for  impact  on  either 
arater  or  land  shonld  have  its  dimensions  established 
by  the  land-impact  conditions. 

4.2.2  PAPER  HONEYCOMB.  Vertical-cell  paper 
koaeycoash  has,  in  some  cases,  replaced  shock  pads 
and  inflatable  bogs  as  the  method  of  energy  dissipa¬ 
tion  nsed  for  air  drops  of  equipment  and  supplies 
(Ref  9-19  and  9-20).  The  development  of  paper  honey- > 
comb  has  produced  as  efficient,  inelastic,  and  low-cost 
cushioning  amterial.  The  standard  type  of  paper  honey¬ 
comb  presently  in  use.  Military  Specification  MIL-11- 
9084,  in  fabricated  ia  sheets  3  ft  wide,  8  ft  long,  and 
3  ia.  thick.  Blocks  of  various  sixes  can  be  easily  cat 
from  the  sheet  with  a  saw  or  knife.  The  blocks  are 
stacked  on  the  air-delivery  platform  so  that  the  in¬ 
elastic  porta  of  the  vehicle  frame  and  crossmembers 


Fig.  9-32 


Pnim 

^ burst 


Versus  Rata  of  Descent 
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will  mt  on  the  honeycomb.  The  total  crushing  urea  of 
the  honeycomb  for  a  desired  deceleration  value  may 
br  calculated  from  the  following  equation: 

(Q..q)  i  -IULlR 

‘  a 

where 

•1  ■  Area  (ft^); 

V  -  Weight  (lb); 

(»  •-  a'gfa  =<  deceleration  in  ft/'sec^;  g  ■  32.2  ft/sec“); 
and 

S’  «  Average  crushing  stress  of  paper  honeycomb. 


The  maximum  required  thickness  of  each  stack  ran  be 
calculated  from  equation: 


(9-4) 


t.jf- 

2gCK 


where 

t  «  Thickness  (ft); 

V  -  Impact  velocity  (ft/sec);  and 

A*  -  ’Ihickness  efficiency  «  0.7  for  paper  honeycomb. 


The  use  of  these  equations  to  arrive  at  a  paper- 
honeycomb  energy-dissipator  configuration  for  com- 


Fig.  9-33  Orifice  Area/Bag  Radius  Versus  Burst  Pressure 
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hie,.  9-14  Service  Test  of  the  Combat  h ' \\<emlahle-l’ lalform  System 

TRUCK,  VI,  M38A1,  RIGGED  FOR  PARACHUTE  DELIVERY  ON  THE  12-FT  COMMA T  EXPENDABLE 

PLATFORM 


A  -  TRUCK,  Vl\  RICCF.I)  ON  12-FT 
PLATFORM  (FRONT  VIE«) 

plex  load*  (Fig.  9-34)  requires  information  which 
presently  can  only  lir  obtained  experimentally.  Such 
unknown  factora  as  number  of  g  a  the  vehicle  can 
withatand,  the  number  of  combinations  possible  for 
arranging  the  stacks  beneath  the  vehicle,  distribution 
of  total  cushioning  area  among  the  number  of  stacks 
positioned  under  the  vehicle,  and  knowledge  of  weight 
supported  by  individual  stacks  make  impact  testing  of 
various  ayatem-configurutiona  necessary  before  selec¬ 
tion  of  final  design. 

The  amount  of  rebound  energy  created  by  paper 
honeycomb  is  approximately  8  per  cent  of  the  impact 
energy,  provided  the  honeycomb  is  not  crushed  to 
more  than  70  per  cent  of  its  original  thickness. 

An  indication  of  the  ability  of  a  paper  honeycomb 
stack  to  resist  toppling  when  transverse  motions  are 
imparted  to  the  stack  is  the  ratio  of  the  thickness  of 
the  stack  to  the  length  of  the  shortest  side.  Experi¬ 
ence  has  shown  that  generally  a  ratio  not  much  higher 
than  one  will  provide  sufficient  stack  stability. 

4.2.3  FOAMED  PLASTIC.  Foamed  plastic  is  a 
light-weight  expanded  cellular  structure  produced  by 
combining  a  liquid  plastisol  with  a  foaming  agent 
(Ref  (9-21)  and  (9-22)).  Nearly  any  combination  of 
foam  density  and  rigidity  may  be  produced  by  using 
various  combinations  of  plastisols  and  foaming  a- 
gents.  Certain  foamed  polystyrene  plastics  have 
stress-strain  characteristics  similar  to  paper  honey¬ 
comb,  and  the  cost  per  foot-pound  of  energy  absorbed 
is  comparable.  Problems  connected  with  the  storage 
of  these  materials  in  unexpanded  liquid  form  and  their 
ready  expansion  in  the  field  have  so  far  precluded  the 


II  -  TRUCK.  VI  ,  RICCFI)  ON  12-FT 
PLATFORM  (SIDE  VIEW) 

use  of  foamed  plastics  for  air  delivery  of  equipment. 

\  rapidly  expandable  plastic  could  be  used  to  form 
a  landing  shock  attenuator  and  could  expand  while 
in  flight.  The  plastisol  and  foaming  agent  could  be 
carried  under  the  air-delivery  platform  prior  to  air 
drop,  and  combined  and  foamed  during  descent  to  form 
the  plastic  structure.  However,  presently  known  quick¬ 
foaming  plastics  require  thorough  mixing  to  insure  a 
homogeneous  foam,  and  a  minimum  curing  time  greater 
than  the  normal  descent  time  of  air  delivery  items. 

4.3  Pra-Contact  Retardation.  Pre- contact  re¬ 
tardation  techniques  decelerate  the  load  prior  to  con¬ 
tact  with  the  ground  by  applying  a  force  opposite  to 
the  direction  of  motion.  Energy  is  added  to  the  system 
by  impulse-generating  units  which  operate  to  counter¬ 
act  the  momentum  of  the  load.  The  use  of  retro-rockets 
falls  under  this  general  class  of  landing  decelerators. 
Disadvantages,  such  as  actuation,  timing,  and  reli¬ 
ability  problems;  high  cost;  and  the  close  quality- 
control  required  if  more  than  one  rocket  is  used,  have 
restricted  their  application  as  practical  landing  de¬ 
celerators.  However,  investigations  have  shown  that 
for  impact  attenuation  of  heavy  loads  (greater  than 
10,000  lb)  which  require  a  low-impact  loading,  a  sys¬ 
tem  incorporating  retro-rockets  may  have  a  significant 

advantage,  from  an  overall  system-weight  standpoint, 
over  a  recovery  system  utilizing  parachutes  alone  or 
parachutes  with  inflatable  bags.  At  this  point,  the 
designer  is  confronted  with  the  trade-off  between  de¬ 
sired  recovery-systems  performance  and  reliability, 
and  permissible  recovery-system  weight. 


435 


REFERENCES 

(9-1)  Ward.  .!.  A..  Canopy  Spiller  for  Troop  Personnel 
Assembly.  Tvpe  1-10.  W  ADC  lR  39-213.  Mav  1930. 
U)  233016. 

(9-21  Jnblonslv.  H.  J..  Sen  ice  Test  of  the  Capewell 
Canopy  Release  Assembly  and  the  Capewell  Can- 
opv  Release  Assembly  1  Modified!  for  lap  Milk 
Troop  Tvpe  T - 1 0  Prraonopl  Parachute  Assembly. 
Report  of  Project  Nr.  U  2138,  HQ  I’.S.  Army  Air- 
oorne  and  Electronics  Hoard,  Ian  1939,  Al)  209600. 

19-3)  Roberts.  J.  F’..  Confirmatory  Tent  of  Modified 
Capewell  C.anopv  Release  Assemblies  for  1  se 
with  Troop  Type  T-10  Personnel  Pararhnte  As- 
semblies.  Letter  Report  of  Project  Nr.  \B  2839. 
IIQ  U.  S.  Armv  Airborne  and  Klertronics  Board. 
Ian  I960.  \D  231336. 

(9-1)  Townsend.  D.  FI..  Service  Tent  Modified  Troop 
Type  T-10  Personnel  Parachute  Harness  Incorpo¬ 
rating  Modified  Capewell  Canopy  Release  \ssem- 
blv.  Project  Nr.  ATB  3-280,  T.  S.  Armv  Arctic 
Test  Board.  \pr  1960.  AD  236176. 

(9-3)  Aron,  W.  K.,  Stndv  and  Development  of  Para¬ 
chutes  and  Systems  for  In-F'light  and  l-andin*  De¬ 
celeration  of  Aircraft.  Part  ID,  Design  of  Asaistiag 
and  Control  Devices.  W  (DC  TR  37-366.  Part  III. 
.Ian  1939.  \D  133708. 

(9-6)  \erial  Deliver*  of  Supplies  and  F'.qaipmenl. 
Ce serai.  T.O.  13C7-1-3,  TM  10-300.  D  A  and 
D  \F,  May  1938.  aad  Changes  1-3.  1938-1961. 

(9-7)  Roberts,  J.  F.,  Service  Test  of  Release,  Vuto- 
matic.  Cargo  Parachute,  3000- Pound  Capacity,  aad 
Load  Couples.  Report  of  Project  Nr.  AB  2658,  HQ 
P.  S.  \rmy  Airborne  aud  Electronics  Board,  Julv 
1939,  AD  226773. 

(9-8)  Angel,  .1.  F.,  Cargo  Parachute  Release.  W\DD 
TN  60-292,  Dec  1960,  AD  251835. 

(9-9)  Beckwith,  W.  L.,  Jr.,  el  al..  Cargo  Parachute 
Release  Device.  Final  Report,  Contract  No.  DA- 
19-1 29-QM-l  188,  Universal  Winding  Company, 
June  1959,  AD  219278. 

(9-10)  Tager,  R.  F.,  Parachute  Crouud  Disconnect. 
WADC  TR  59-455,  July  1959,  AD  227349. 

(9-11)  Johnson,  J.  H.,  M2F.1  Reefing  Line  Cntter. 
Summary  Report,  Contract  DAI-28-01 7 -501 -OR D- 
(P)-1822,  Ordnance  Division,  Miaaeapolis-Hoaey- 
well  Regulator  Co.,  May  1956,  AD  93988. 

(9-12)  Automatic  Parachute  Ripcord  Release  Type 
F-1B.  T.O.  14D2-2-23,  Technical  Maasul,  Over¬ 
haul,  D,  AF,  15  May  1959. 

(9-13)  Downing,  J.  R.,  et  al.,  Recovery  Systems  for 
Missiles  and  Tnrget  Aircraft,  Part  I,  Subsonic  Sled 
Tent  Phase.  AF  Technical  Report  5853,  Part  I, 
WADC,  Mar  1954,  AD  112981. 

(9-14)  Downing,  J.  R.,  et  al..  Recovery  Systems  for 


Missiles  and  laraet  Aircraft.  Part  II.  >ub*onic 
1  ree-l  light  Validation  Test  Phase.  AF  technical 
Report  .3833.  Part  II.  W  ADC.  Mar  1°35.  AD  1 1  4101. 

10-13)  Downing.  I.  R..  et  al..  Recovery  Svstens  for 
Missiles  and  I  arcet  Aircraft.  Part  111.  Hich  Sub¬ 
sonic  and  Transonic  Irack  Horne  Parachute  lest*. 
Al  Technical  Report  38.51.  Part  III.  4  ADL.  Dec 
1036.  At)  122633. 

t9-161  knache.  T.  W..  et  al..  Study  of  Soft  Recovery. 
Technical  Report  AFOSR-104.  Air  Force  Office  of 
Scientific  Research.  Alar  1061.  AD  2.33.66. 

t9-17l  Atankonen.  H.  E..  Constant  Force  >prings. 
Tool  and  Manufacturing  Engineering,  pp.  11.-120. 
Nov  I960. 

(9-18)  Simonson.  J.  R..  Study  of  Design  Criteris  for 
1  anding  Shock  Absorption  Device*  for  Recover- 
>ble  Flight  Vehicles.  ASD  TR  61-383. 

(9-10)  Bivbr.  H.  W..  Development  of  a  Psperboard 
Honevcomb  Decelerstor  for  l  *e  with  Lsrge  Plat¬ 
forms  in  Aerial  Delivery  System*.  W ADC  TR  59- 
776.  Mav  1959. 

19-20)  Sabbagh.  E.  N..  Performance  Characteristic* 
of  Paper  Honeycomb  Cushioning  Alnterial#  Impact¬ 
ed  under  a  Heavy  Weicht  Hi*h  Impact  Shock  Ala- 
chine.  W  ADC  TR  55-343.  AD  91ViA  Ian  1°36. 

19-21)  Vmidon.  R.  W..  Studies  Toward  Development 
of  Evpandahle  Plastic*.  Si*»h  Quarterly  Repivrt. 
Contr.  No.  DA-44-009  ENG-j740,  Proj.  8-93-13- 
001.  AD  50091.  Sep  1957. 

(9-22)  Chakosmskos.  Charles.  Development  of  an 
Inorganic  F'osmed-in-Place  Material.  Progress  Rpt 
III.  C.ostr.  No.  53-040-C,  AD  9120.  Feb  1953. 


BIBLIOGRAPHY 

krakover.  Stewart  M.,  1  Lt.  PSAF"  and  Olevitcb.  A.. 
Investigation  of  Design  Criteria  for  Cushioning  Ma¬ 
terials.  WADC  TR  58-639.  AD  201227,  Mur  1959. 

Afartio.  R.  C.,  Low  Level  Aerial  Delivery  Feasi¬ 
bility  Study.  WADC  TR  57-517,  Al)  14202.  Nov  1957. 

Tomesak,  S.  L„  Decelerstor  Bag  Study.  WADC  TR 
59-775,  Jane  1960. 

Idomis,  Kenneth,  TM-76  Alace  lain  ding  Mat  Design. 
Aero  Space  Engineering,  Glenn  L.  Martin  Company, 
Baltimore  3,  Mary  land,  Feb  1960. 

Scheele,  W.  and  Fuller,  F.  E.,  Preliminary  Design 
of  \Q-4A  landing  Bags.  TF.M-74,  Radioplaae,  A  Di¬ 
vision  of  Northrop  Corp.,  Van  Nova,  Calif.  5  Jane 
1957. 

Aarland,  W.  B.,  Loser,  J.  B.,  Yates,  J.  E.,  sad 
Blackburn,  R.  R.,  Study  of  Guided  Miuuile  Structural 
Design  Criteria.  W.ADD  TR-140,  Volume  I,  AD  155888, 
Feb  1959. 


436 


CHAPTER  10 

PARACHUTE  SUPPORT  EQUIPMENT  AND  FACILITIES 
TabU  of  Contents 


Pate 

DINING  FACIL1TIK.S 

438 

1.1  Dry  inf  Tower 

438 

1.2  Drying  Cabinet 

438 

PACKING  &  INSPKCnON  KACI1.IT1F.S 

139 

2.1  Packing  Tables 

440 

2.2  Inapection  Tables 

440 

2.3  Hina 

441 

2.4  Storage  Facilities 

441 

2.5  Packing  Tools 

441 

2.6  Packing  Presses 

442 

2.7  Sewing  Machines 

442 

Illustrations 


\umber 

10-1 

Parachute  Drying  Tower 

438 

10-2a 

Parachute  Drving  Cabinet.  Portable.  Interior  View  (Hacks  Hemoxed) 

439 

10-2b 

Parachute  Drying  Cabinet.  Portable.  Interior  View 

440 

10-3 

Parachute  Packing  Tools 

440 

10-4 

Parachute  Packiog  Press 

441 

437 


CHAPTER  10 

PARACHUTE  SUPPORT  EQUIPMENT  AND  FACILITIES 


Before  parachutes  are  re-used  they  are  cleaned  and  dried,  inspected  for  possible  damage,  repaired 
if  aeceaaary,  and  then  packed  for  immediate  re-use  or  storage  until  they  are  needed.  The  specialized 
equipment  necessary  to  insure  the  proper  maintenance,  handling,  and  packing  of  parachutes  ia  dis¬ 
cussed  in  the  following  sections  . 


SEC  1  DRYING  FACILITIES 

1.1  Drying  Tower.  Parachute  drying-towers  are 
used  to  ventilate  and  dry  pamchute  canopies.  They 
provide  a  place  to  allow  creases  in  the  canopy  to 
soften,  and  to  permit  shaking  out  dust,  dirt,  and  the 
like.  Availability  of  a  parachute  drying-tower  is  a 
requisite  for  the  maintenance  of  personnel  parachutes. 

A  drying  tower  (Fig.  10-1)  is  an  oversized  room, 
sufficiently  high  for  a  canopy  suspended  from  the 
apex  to  bang  without  touching  the  floor.  To  draw  the 
canopy  to  the  ceiling,  hooka  and  pulleys  must  be 
provided.  Canopy  suspension  hooks  are  generally 
spaced  approximately  3  ft  apart,  but  this  distance 
may  be  varied  if  the  canopies  usually  hung  in  the 
facility  require  more  room  to  hang  clear  of  each  other. 
Areas  likely  to  come  in  contact  with  the  canopy 
should  be  smooth  and  free  of  naila.  Walls  should  be 
covered  with  polished  hardboard  or  equivalent  ma¬ 
terial.  Warm,  filtered,  forced  air  should  be  provided, 
and  dehumidificatioa  ia  desirable.  The  area  should 
not  be  subject  to  exhaust,  solvent,  or  acid  fumes. 

1.2  Drying  Cabinet.  Parachute  drying-cabinets 
are  used  for  the  accelerated  drying  of  all  types  of 
parachutes.  Drying  cabinets  were  first  developed  as 
a  result  of  shortages  of  drying-tower  facilities  at 
bases  where  there  waa  frequent  use  of  aircraft-decel¬ 
eration  parachutes  in  large  numbers.  Because  of 
conditions  inherent  in  their  use,  aircraft -deceleration 
parachutes  tend  to  become  wet  and  collect  dust,  tar, 
and  other  contaminants,  and  they  should  not  be  hung 
in  a  drying  tower  adjacent  to  personnel  parachutes. 
Thus,  the  drying  cabinet  is  now  used  primarily  for 
rapid  drying  of  aircraft-deceleration  parachutes,  and 
does  not  replace  the  drying  tower  but  supplements  't. 

The  drying  cabinet  (Fig.  10-2)  is  an  all-metal  cab¬ 
inet  capable  of  being  transported  by  air.  It  measures 
6  ft  by  6  ft  by  8  ft  in  the  erected  state.  The  cabinet 
is  designed  so  that  it  can  be  assembled  or  disas- 


Fig.  10-1  Parachute  drying  Tower 
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h'ig.  lO-'Ja  Parachute  Prying  Cabinet,  Portable,  Interior  View  (Racks  Removed) 


sembled  in  the  field  by  two  men  using  standard  tools. 
The  Keating  source  for  the  cabinet  is  a  heater  equiv¬ 
alent  to  a  Herman  Nelson  BT-400,  capable  of  deliver¬ 
ing  400.000  Btu’s  per  hr  at  an  ambient  temperature 
of  -65  F.  The  heat  is  transferred  from  the  beater  to 
the  cabinet  through  a  12-in. -diameter  duct,  IS  ft  long. 
Temperature  within  the  cabinet  is  automatical!}'  main¬ 
tained  at  a  level  of  200  F.  The  inside  of  the  cabinet 
is  smooth  and  without  protrusions.  Dual  racks,  pro¬ 
vided  with  easily  removable  and  replaceable  caater 
wheels,  hold  the  canopy  in  place  during  the  drying 
cycle.  The  cabinet  can  dry  two  thoroughly  wet  44-ft- 
diameter  ribbon  canopies  or  their  equivalent  in  3  hr. 


SEC.  2  PACKING  &  INSPECTION  FACILITIES 

The  requirements  for  a  packing  and  inspection  fa¬ 
cility  are  relatively  simple.  The  building  itself  must 
be  sufficiently  large  to  permit  free  movement  around 
the  packing  and  inspection  tables.  Lighting  in  the 
vicinity  of  the  working  areas,  both  daylight  and  arti¬ 
ficial,  must  be  very  good.  Washing  facilities  for  cano¬ 
pies  are  desirable.  A  drying  tower  (and  cabinets, 
as  required)  must  be  part  of  the  building,  or  be  attached 
to  it.  Special  furnishings  include  bins,  issuing  coun¬ 
ters,  and  storage  facilities. 
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2-1  Pocking  Tablet.  Parachute  packing  tables 
may  be  of  local  manufacture.  They  should  stand  about 
30  in.  high  and  be  of  sufficient  length  to  accommodate 
the  full  length  of  the  canopy  and  the  suspension  lines. 
A  width  of  3  ft  is  sufficient  for  personnel  parachutes, 
and  6  ft  for  cargo  parachute  canopies  larger  than  28  ft 
in  diameter.  The  top  of  the  table  should  be  of  polished 
hardboard  or  similar  material.  The  top  and  other  areas 
likely  to  come  in  contact  with  material  should  be  free 
of  anything  that  might  snag  or  pull  the  material.  The 
table  should  be  equipped  with  a  suitable  device  to 
place  the  suspension  lines  and  canopy  under  an  even¬ 
ly  distributed  tension  when  the  parachute  is  folded. 

2>2  Inspoction  Tahiti.  Inspection  tables  may 
be  manufactured  locally.  They  may  be  ironing-board 
shaped,  approximately  18  ft  long,  3  ft  high,  and  taper¬ 
ing  in  width  from  3  to  2  ft.  A  light  is  inset  in  tbe 
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Pig.  W-4  Parachute  Packing  Press 

center  of  the  table  and  extends  the  fall  length.  The  construction.  Some  fabrics  are  particularly  susceptible 

face  of  the  light  should  be  smooth  plate-glass  set  to  mildew  damage  in  a  warm,  humid  climate.  (See 

flush  with  the  table  surface.  During  inspection,  the  Chap.  6.)  Parachutes  should  be  dried  thoroughly  be- 

light  passes  through  the  canopy,  revealing  the  coadi-  (ore  packing  and  then  stored  in  a  dry  place  protected 

tion  of  the  yam,  radial  and  diagonal  senm  edges,  from  the  sun.  They  should  not  be  stored  in  direct  con- 

suspension  lines  in  channels,  and  the  threading  be-  tart  with  concrete  floors;  wooden  racks  are  desirable, 

tween  surfaces  of  the  material.  A  hand-held  ultra-  Cleanliness  is  important;  grease,  oil,  or  other  con- 

violet  light  is  used  to  detect  stains  in  the  material.  taminanta  must  not  be  kept  in,  or  used  on  the  surfaces 

All  portions  of  the  table  that  might  come  in  contact  of,  the  storage  area, 

with  material  must  be  free  of  anything  that  could  snag 

or  pull  the  material.  2-5  Pocking  Tools.  The  following  tools  are  gen¬ 

erally  considered  necessary  for  packing  and  inapec- 
2.3  Bint,  Bins  should  be  located  convenient  to  tion  (h'ig.  10-3); 
the  packing  and  inspection  tables.  They  must  bn  able  Line  Separator:  A  small,  slotted  stand  used  to  hold 

to  accommodate  unpacked  parachutes.  The  bin  sur-  the  suspension  lines  in  their  respective  group  for 
faces  must  be  smooth  and  free  of  cracka,  nails,  or  packing. 

other  objects  that  might  snag  or  pull  the  material.  Shot  Bags:  Cloth  sacks,  approximately  18  in.  by  4 

in.,  filled  with  about  4  lb  of  shot,  used  to  hold  ms- 
2*4  Storage  Facilities.  Storage  facility  require-  terial  or  lines  in  temporary  placement.  They  are  par- 

meats  vary  with  the  contemplated  length  of  time  of  ticularly  useful  for  holding  the  folded  half  of  a  canopy 

storage,  climatic  conditions,  and  the  type  of  building  while  the  other  half  is  being  folded. 
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fold  tit  Tool:  \  device  a**-)  to  fo. :  canopy  t> 

the  comet  width  or  length  to  teal  it  «ili  (it  the  pats 
properly. 

Temooran  Riocord:  V  abort  ripcord  with  piaa.  in¬ 
serted  into  the  locking  cone*  or  loops  of  the  pack  to 
hold  the  aide  flapa  ia  place,  ao  that  the  eai  flap*  may 
be  placed  in  poaition  to  ioaert  the  perr.aaeat  ripcori. 

Seal  Pre  *#:  V  bead -operated  device  need  to  secure 
the  aeal  applied  by  the  packer  or  inspector  to  seal  the 
packed  parachate  a  rain  at  tampering. 

itaortment  of  Small  Tools:  l.oog-oosed  pliers: 
knife:  6-in.  aheara;  10-in.  aheara:  needlea:  sharp, 
blaat,  and  carved:  hammer:  packing  paddle:  6-in.  steel 
tape;  hook:  palm. 

2-6  Pocking  Prossos.  Increased  demands  (or 
space  conservation  in  aircraft  and  aerospace  systems 
us  in*  textile  aerodynamic  decelerators  have  led  to 


*  ;*ve.,:-.est  :re»si~K  tec”..  :je».  Tie 

r.y  iraalic  cress  is  tie  =>st  crcru  -earns  of  a:i;ev- 
iog  redaction  in  the  pacte;  v  o.ame  of  textile  aero¬ 
dynamic  decelerators.  Fir.  10-4  shows  one  typ«  of 
small  hydras  «;c  press  no*  in  sse.  \  larger  model, 
designed  for  a  capacity  of  100  tons,  with  100  in.  be¬ 
tween  vertical  tat  porta  and  80  in.  between  korironfcal 
i*axs.  is  also  nsei  foe  the  pressare-packing  of  large 
canopies. 

2.7  Snwing  Machines.  Vaccines  saitaile  for 
paraccnte  repair  aai  product  ion  are  covered  ia  Federal 
specification  00-5-256*.  "sewing  Vaciiaes.  ladastrial 
Type  lor  Textiles”,  sad  Federal  Sp-ecincatisa  GG-'- 
225.  There  are  many  sewing  machine  attach  menu  an: 
accessories  nsei  to  faciliute  paracente  codiction 
and  repair,  such  as  needle  coolers  and  thresi  lirri- 
canu  to  reduce  needle  heat. 
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CHAPTER  11 

DEPLOYABLE  AERODYNAMIC  DECELERATOR  TESTING 


Deployable  aerodynamic  deceleratora  of  varioua  typea  are  being  employed  or  are  being  conaidered 
for  a  multitude  of  applicationa.  In  order  to  be  effective,  particular  typea  of  aerodynamic  deceleratora 
have  to  operate  efficiently  in  specific  portiona  of  tbe  flight  ape  drum.  Sufficient  baaic  technical  data 
concerning  tbe  pnrticular  type  of  aerodynamic  decelerator  must  be  known  upon  which  to  baae  its  de¬ 
sign,  and  to  predict  ita  performance. 

Since  valid  scaling  and  model  lawn  for  aerodynamic-decelerator  design  and  performance  have  as 
yet  not  been  developed,  tbe  aerodynamic  decelerator  must  be  tested  under  closely  simulated  operational 
and  environmental  conditiona  to  verify  ita  performance  characteriaticn,  and  to  obtain  a  degree  of  con¬ 
fidence  in  its  functional  reliability.  Thia  applies  in  particular  to  types  of  aerodynamic  deceleratora 
which  are  of  other  than  standard  design  or  which  have  to  operate  under  high  speed,  extremely  low  or 
high  dynamic-presaures,  or  under  environmental  conditions  not  normally  encountered  during  operation 
of  standard  aerodynamic  deceleratora. 

It  has  become  increasingly  evident  that  not  only  the  availability  of  reliable  and  accurate  testing 
methods  and  testing  equipment  is  a  necessity  during  the  exploratory  and  experimental  research-and- 
development  phases,  but  also  that  economic  aspects  and  the  close  simulation  of  environmental  and 
operational  conditions  most  be  aerioasly  considered  in  the  choice  of  a  test  method  and  equipment. 
While  aerodynamic-decelerator  performance-treads  in  relation  to  design  parameters  may  be  obtained 
daring  wind-tunnel  test  programs,  and  design  and  performance  characteristics  of  the  aerodynamic  de¬ 
celerator  may  be  verified  by  means  of  other  existing  tent  methods  that  use  available  test  equipment 
and  commercially  available  instrumentation,  actual  nystems-testing  should  be  done  with  tbe  actual  or 
closely  simulated  flight-vehicle.  This  is  advisable  since  the  dynamic  and  wake  characteristics  of  the 
flight  vehicle  tend  to  influence,  and  sometimes  lower,  the  performance  characteristics  of  deployable 
aerodynamic  deceleratora  as  compared  to  those  in  undisturbed  flow. 

Teat  methods,  test  equipment,  and  instrumentation  developed,  or  which  have  become  available, 
during  the  last  decade  have  been  prime  factors  in  establishing  the  design  and  performance  charac¬ 
teristics  of  textile  parachutes  for  a  variety  of  applications.  These  same  methods  and  test  equipment, 
perhaps  with  minor  modifications,  will  undoubtedly  play  a  major  part  in  the  search  for  new  concepts 
and  the  development  of  other  types  of  aerodynamic  deceleratora.  It  has  been  shown  that  the  use  of 
proper  test  methods  and  equipment  makes  possible  the  quick  comparison  and  evaluation  of  new  con¬ 
cepts,  establishment  of  performance  and  design  trends,  fast  development  and  evaluation  of  new  deve¬ 
lopments,  the  most  expeditious  correction  of  design  deficiencies,  and  the  economical  transition  to  the 
stage  of  actual  application. 

In  the  following  sections,  experimental  methods  for  aerodynamic-decelerator  testing,  experimental 
vehicles  for  aerodynamic-decelerator  testing  and  specialized  instruments  and  systems  for  aerodynamic 
decelerator  performance  data  acquisition  are  described.  This  description  presents  a  comprehensive 
picture  of  available  and  proven  experimental  methods  and  equipment  for  testing  anu  their  specific 
capabilities,  characteristics,  and  limitations. 


SEC.  1  TEST  METHODS  deployable  aerodynamic  deceleratora  has  extended 

into  many  new  areas  other  than  the  prime  purpose  of 
the  conventional  textile  parachute:  that  of  providing 
LI  Introduction.  In  recent  years  the  use  of  a  means  of  escape  from  airborne  vehicles  under  either 
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premeditated  or  emergency  condition*.  While  the  con¬ 
ventional  textile  parachute  ia  atill  uned  for  thia  pur- 
poae,  the  field  of  use  for  deployable  aerodynamic 
deceleratora  haa  continuoualy  expanded  and  other 
type*  of  aerodynamic  deceleratora  have  come  into 
being.  In  addition,  the  environment  in  which  nome 
deceleratora  are  required  to  function  ha*  become  in¬ 
creasingly  severe.  Fig.  1 1-1  presents  an  overall  pic¬ 
ture  of  the  regimes  of  velocity,  altitude,  and  dynamic 
pressure  in  which  deployable  aerodynamic  decelera¬ 
tora  will  be  required  to  operate.  Table  1 1- 1  liata  the 
teat  methods  which  are  available  for  aerodynamic  de- 
celerator  testing  in  specific  altitude-velocity  regimes 
to  determine  the  comparative  performance  charac¬ 
teristics  of  an  aerodynamic  deceleration  device  as 
its  design  parameters  are  varied. 

The  experimental  testing  method*  for  deployable 
aerodynamic  deceleratora  which  are  available  can  be 
divided  into  the  following  categories: 

(1)  Free- flight  testing  ( non-restraint ): 

(1)  Gravity  drop-testa: 

(a)  In  enclosed  shelters; 


(b)  From  aircraft; 

(c)  From  atratospheric-altitude  balloons; 

(d)  From  parachute  whirl-tower; 

(2)  Powered-missile  testa; 

(a)  Aircraft-launched; 

(b)  Balloon-launched; 

(c)  Ground-launched; 

(II)  Captive  nr  tow  testing  (restraint): 

(1)  Aircraft  tow; 

(a)  Inflight; 

(b)  Runway  taxi; 

(2)  Rocket-sled  tow 

(3)  Water  tow; 

(a)  Shallow  water; 

( b)  Deep  water; 

(III)  I Find-tunnel  testing  ( restraint ); 

(IV)  Laboratory  testing; 

(V)  Simulated  landing-condition  testing. 

Aside  from  the  testing  of  a  model,  or  in  some  cases, 
of  a  full-scale  canopy  in  wind  tunnels,  the  majority 
of  exploratory  or  experimental  test  programs  of  de- 


Mach  No. 


0-1.0 


1. 0-5.0 


Above 

5.0 


TABLE  1 1-1  TKST  CONDITIONS  AND  APPLICABLE  TEST  METHODS 

(X  indicates  cutnplete  capability;  N/A  means  Not  Applicable) 


Altitude, 
103  ft 

FREE-FLIGHT  TESTING 

Gravity  Drop  Powered  Missile 

CAPTIVE  OR 
TOW  TESTING 

Aircraft  Tow 

Shelter 

Drop 

Acft 

Drop 

Balloon 

Drop 

Whirl-Tower 

Drop 

Acft 

Launch 

Balloon 

Launch 

Ground 

Launch 

Inflight 

Tow 

Under  10 

Models 
Low  Sub¬ 
sonic 

X 

N/A* 

0.6  max 
(sea-level 
density) 

N/A 

N/A 

N/A 

0.8  max 

10-50 

- 

X 

X 

- 

X 

X 

X 

X 

50-100 

- 

- 

X 

- 

X 

X 

X 

— 

100-250 

- 

- 

- 

- 

- 

X 

X 

— 

Under  10 

- 

2.0 

Trans 

— 

3.0 

Limited 

3.0 

_ 

max 

max 

Cap. 

max 

10-50 

- 

2.0 

Tran* 

— 

3.0 

X 

X 

— 

max 

max 

50-100 

— 

2.0 

max 

Trans 

- 

Limited 

Cap. 

Limited 

Cap. 

X 

100-250 

— 

— 

— 

— 

— 

Limited 

Cap. 

X 

- 

50-100 

— 

— 

— 

— 

— 

Limited 

Cap. 

X 

- 

100-250 

- 

- 

— 

— 

— 

Limited 

X 

_ 
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TAHLK11-1  (Cont'J) 
CAPTIVK  OR  T01  TKSTING 


Mach  No. 

Simulated 

Altitude 

I03  ft 

Aircraft  Tow 
Runway  Taxi 

0-1.0 

Under  10 

0.2  max 

10-50 

— 

50-100 

- 

150-250 

- 

1.0-5.0 

Under  10 

- 

10-50 

_ 

50-100 

- 

100-250 

- 

Above 

50-100 

- 

5.0 

100-250 

_ 

Rocket 

Water  Tow 

Wind 

Sled 

low 

Shallow 

Deep 

Tunnel 

Test 

X 

2-Dim. 

Models 

0.8 

max 

X 

- 

- 

- 

X 

- 

- 

- 

Limited  Cap. 

- 

- 

- 

- 

3.0  max 

2-Dim. 

2.0  max 

- 

X 

- 

- 

- 

Limited  Cap. 

- 

- 

- 

X 

- 

- 

- 

Limited  Cap. 

- 

- 

- 

X 

— 

— 

— 

X 

Numbers  in  the  table,  other  than  those  indicnted  aa  meaning  altitude  or  dimension,  are  Mach  n timbers. 
Complete  Capability  —  All  Mach  number— altitude  combinations  can  be  obtained; 

Limited  Capability  —  The  majority  of  the  Mach  number  — altitude  combinations  can  generally  be  obtained; 
Trana  —  Maximum  Limitations:  transonic  Mach  numbers. 

*  Not  generally  used  in  this  altitude  range. 


ploy  able  aerodynamic  deceleratora,  in  particular  tboae 
with  textile  canopies,  have  been  and  are  being  con¬ 
ducted  under  free-flight  conditions  utilising  various 
types  of  aircraft  from  which  the  load  with  the  attached 
parachute  in  ejected.  Although  this  method  does  pro¬ 
vide  for  the  tenting  of  deployable  aerodynamic  de¬ 
celeratora  under  actual  operational  and  environmental 
conditions,  the  accomplishment  of  repeated  testa 
under  identical  conditions  is  difficult  and  sometimes 
impossible.  In  addition,  aemdynamic-decelerator 
testing  by  means  of  the  aircraft  gravity-drop  lest  is 
limited  by  the  speed  and  altitude  ceilings  of  current 
aircraft  available,  Naturally,  comparative  aad  specific 
performance  data  on  vmioua  types  of  deployable  aero¬ 
dynamic  deceleratora  have  been  aad  arc  being  ob¬ 
tained  in  wind  tunnels  under  controlled  conditions 
and  with  great  accuracy  and  reasonable  economy. 
These  testa,  however,  are  generally  performed  on 
scale  models  and  under  infinite-mass  operating  con¬ 
ditions.  Although  ‘it  is  recognised  that  tenting  with 
scale-model  aerodynamic  deceleratora  provides  a 
relatively  inexpensive  means  of  obtaining  performance 
data,  primarily,  treads  are  established  is  aerodynamic 


deceleistor  performance  with  changing  desipi  para¬ 
meters. 

Determination  of  decelerator  performance  under  de¬ 
sired  values  of  Reynolds  number  is  sometimes  diffi¬ 
cult  to  achieve  in  a  wind  tunnel  or  during  scale-model 
drop  testing;  the  aerodynamic  coefficients  measured, 
in  particular  the  drag  coefficient,  will  generally  not 
be  of  the  sane  value  as  those  of  their  full-scale 
counterparts.  However,  any  change  in  aerodynamic 
decelerator  design  which  shows  a  drag-coefficient 
chenge  during  scale-model  testing  will  generally 
achieve  a  change  in  the  same  direction  on  a  larger- 
scale  device  that  is  so  modified.  TT»e  same  holds 
true  for  design  changes  affecting  stability  and,  to  a 
certain  degree,  opening-characteristics. 

Results  obtained  during  tests  perforated  ander 
infinite-mass  operating  conditions  cannot,  in  general, 
be  directly  transferred  to  aerodyaamic-decelerator 
operations  under  finite-mass  operating  conditions,  or 
to  operations  with  deceleration  devices  of  sipifi- 
cmitly  different  scale  or  under  appreciably  different 
velocity  and  air-density  conditions.  For  this  reason, 
n  variety  of  methods  for  testing  deployable  serodynn- 
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Fig.  11-1  Altitude  vs  Mack  Number  Regimes  for  Deployable  Aerodynamic  Decelerator  Application* 
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mic  decelerators  have  beet,  made  available. 

Each  of  these  test  methods  haa  ita  own  particular 
advantages  and  disadvantagea.  Ability  to  perform  testa 
under  controlled  conditions,  availability  and  accuracy 
of  teat  data,  economics  of  testing,  and  achievement 
of  specific  operational  and  environmental  conditions 
are  among  the  factors  governing  the  selection  and 
choice  of  a  particular  test  method.  In  some  inatancea, 
the  only  worthwhile  testing  will  be  by  means  of  actual 
free-flight  testa.  In  other  instances,  utilixation  of 
other  types  of  test  methoda  will  produce  substantial 
savings  in  cost,  much  more  rapid  testing,  more  pre¬ 
cise  control  of  desired  teet-conditiona,  and  more 
accurate  and  complete  acquisition  of  performance 
data. 

Some  of  the  limitations  of  various  methoda  for  test¬ 
ing  aerodynamic  decelerators  are  compiled  in  Table 


11-2,  baaed  upon  experience  gained  during  exploratory 
and  experimental  parachute  test-programs. 

1.2  Fre**Flight  Testing  (Non-Rsstraint).  The 

area  of  free-flight  testing  of  deployable  aerodynamic 
decelerators  can  be  divided  into  two  general  cate¬ 
gories;  (I)  gravity  drop-testa,  in  which  the  payload  or 
teat  vehicle  with  its  packed  and  attached  test-item  is 
released  from  a  stationary  or  moving  platform  and 
free-falls  under  the  influence  of  gravity  until  the  de¬ 
sired  test  speed  or  altitude  is  reached,  at  which  point 
the  test  item  is  deployed  for  performance  evaluation; 
and  (2)  powered-missile  teats,  in  which  the  test  vehicle 
with  ita  packed  and  attached  teat  item  is  launched 
from  the  ground  or  from  a  stationary  or  moving  aerial 
platform  and  boosted  by  suitable  rocket  engines  to 
desired  speeds  and  altitudes,  at  which  time  the  test 
item  is  deployed  for  subsequent  free-flight  evaluation. 


TABI.K  11-2  CHARACTERISTICS  OE  VARIOUS  AERODYNAMIC-DKCELERATOR  TEST  METHODS 


Test  Method 


Advantages 


Disadvantages 


Gravity  Drop 


B 

I 

0 

0 

ce 

Whirl  Tower 


0 

£ 


£ 

£ 

I 

0 

0 

£ 


(1)  Achievement  of  full  range  of 
test  conditions  possible 

(2)  Dynamic  simulation  of 
vehicle  effects  during  test- 
item  deployment  and  operation 

(3)  Absence  of  restraint  on  the 
motion  of  the  test  item. 

(4)  Actual  simulation  of  com¬ 
plete  system  performance. 

(1)  Low  cost  of  testing. 

(2)  Rapid  test-programming  and 
conductance. 

(3)  Good  control  of  test  con¬ 
ditions. 

(4)  Close  duplication  of  test 
conditions. 


(1)  Recovery  of  vehicle  must  be 
provided  to  allow  inspection 
of  test  item. 

(2)  In  general,  control  and  mea¬ 
surements  of  test  conditions 
as  well  as  observation  of  the 
dynamics  of  test  item  opera¬ 
tion  are  difficult. 


(1)  Limited  test  velocities. 

(2)  Limited  to  ground-level  ait' 
density. 

(3)  Limited  size  and  weight  of 
test  item  and  payload. 

(4)  Evaluation  of  final  (terminal) 
descent  not  possible. 


Powered  Missile 


(1)  Achievement  of  full  range  of 
test  conditions  possible 

(2)  Dynamic  simulation  of 
vehicle  effects  during  test- 
item  deployment  and  opera- 
I’on 

(3)  Absence  of  restraint  on  the 
motion  of  the  test  item. 

(4)  Actual  simulation  of  com¬ 
plete  system  performance. 


(1)  Complexity  of  test  equipment 
and  relatively  high  cost  of 
test. 
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TAHI  -K  11-2  (Corn’d) 


Test  Method 


Advantages 


Disadvantages 


Aircraft  Tow 

(1)  Kxtreme  accuracy  in  control 

(1) 

Testing  in  under  infinite-mass 

of  initial  test  conditions. 

operating  conditions. 

(2)  Decoverable  and  reusable 

(2) 

Limited  freedom  of  motion 

teat-vehirlr. 

during  tests. 

(3)  Measurements  of  tnuximum 
precision. 


Docket  Sled 


a 

K 

es 


H 


*  Wind  Tunnel 


(1)  Testing  of  relatively  large- 
test-items. 

(2)  Deceleration  of  vehicle* 
decelerator  system  can  be 
realized. 

(3)  High  dynamic  pressures 
permitting  tests  which  can 
establish  structural 
safety  factors. 

(4)  Deduced  problems  asso¬ 
ciated  with  flow-field 
interference. 

(1)  High  frequency  of  testing. 

(2)  Determination  of  flow  &  shock 

(3)  Measurement  with  maximum 
precision. 


(1)  Testing  limited  to  ground-level  air 
density . 

(2)  Test  duration  short  (limited  by 
track  length). 

(3)  Primary  body  symmetric  in  no 
more  than  two  dimensions. 

(4)  High  propulsion  costs  associated 
with  testing  at  extreme  test 
conditions. 


(1)  Limited  range  of  dynamic  pressures. 

(2)  Limited  model  size. 

(3)  Uncertain  effects  of  wall  inter¬ 
ference. 


Water  Tow 


(1)  High  frequency  of  testing. 

(2)  Low  cost  of  testing. 

(3)  Study  of  internal  aero¬ 
dynamics  possible. 

(4)  High  dynamic  pressures 
permit  tests  which  can  es¬ 
tablish  structural  safetv 
factors. 


(1)  Limitation  in  test  velocities: 

(n)  Two-dimensional  models: 

limitation  of  analogy. 

(b)  three-dimensional  models: 
ravitation  begins  at  approx. 
0.8  Mach. 


(2)  Difficult  correlation  of  cloth 
permeability  influences. 


The  greatest  single  advantage  of  the  free-flight 
teat  method  is  the  absence  of  any  restraint  (except 
atmospheric)  on  the  motion  of  the  aerodynamic  de- 
celerator-load  system.  This  allows  for  the  dynamic 
simulation  of  vehicle  effects  on  the  aerodynamic  de- 
celerator  after  deployment  and  the  testing  under 
changing  dynamic  conditions  and  changing  air  density. 
The  full  range  of  test  conditions  is  achievable  by 
this  method  and  the  actual  simulation  of  complete 
system  functions  may  be  accomplished.  Observation 
and  measurements  of  system  stability,  flight  trajec¬ 
tory,  rate  of  descent,  drift  tendencies,  and  other 


phenomena  are  also  attainable  during  testa.  There 
are,  however,  disadvantages  to  the  free-flight  test 
method.  Among  the  major  disadvantages  are:  (1)  with 
the  exception  of  gravity  drop-tests  in  enclosed  shel¬ 
ters  and  from  the  whirl  tower,  control  and  measure¬ 
ment  of  test  conditions  as  well  as  observation  of  the 
motion  of  the  test  items  are  difficult;  (2)  the  test 
vehicle  must  be  recovered  to  perform  first-hand  in¬ 
spection  of  the  test  article;  and  (3)  the  extreme  com¬ 
plexity  of  test  equipment  and  high  costs  of  a  test 
program  especially  for  high-speed  and  high-altitude 
test  programs  is  sometimes  unavoidable. 
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In  Uie  selection  of  n  suitable  test-site  or  range,  a 
number  of  factors  must  be  takeo  into  consideration. 
The  most  important  of  these  are: 

(a)  Range  size; 

(b)  Launch  facilities; 

(c)  Tracking  capability  and  data  gathering; 

(d)  Retrieval; 

(e)  Data  processing;  mid 

(f)  Availability. 

General  characteristics  of  aitea  at  which  the  majority 
of  free-flight  testing  of  aerodynamic  deceleratora  are 
currently  being  carried  out  are  summarised  in  Table 

11-3.  General  maps  of  these  thrre  teat  ranges  are 
shown  in  Fig.  11-2,  11-3,  and  1 1-4  (Ref  (11-1)), 

1.2.1  GRAVITY  DHOP-TKSTS.  Gravity  drop- 
testing  ia  generally  limited  to  the  aabaoaic-apeed 
regime,  although  testing  may  be  extended  into  the 
transonic— or  even  low  supersonic  speed  regime  by 
launching  streamlined,  unpowered,  aerodyaamically 
clean  teat-missiles  from  fighter-type  aircraft  or  from 
high  -altitude  balloon-borne  platforms. 

1.2.1. 1  Drop-Testing  in  Enclosed  Shelters.  Scale- 
model  aerodynamic  decelerator  testa  provide  a  rela¬ 
tively  inexpensive  means  of  determining  trends  ia 
performance  aad  design.  This  is  particularly  true  if 
the  testing  can  be  done  under  precisely  controlled  con¬ 
ditions  aad  free  of  random  atmospheric  influences. 
Such  a  teat  capability,  which  allows  testing  under 
finite-mass  operating  conditions,  is  provided  ia  large 
enclosed  shelters.  Actually,  acale-model  parachute 
drop-test  programs  conducted  ia  enclosed  shelters 
such  as  airship  docks  {Fig.  1 1-5)  sad  parachute  drying 
towers  hsve  been  the  moat  productive  as  far  as  ac¬ 
quiring  accurate  quantitative  data  is  concerned.  De¬ 
pending  upon  the  sise  aad  height  of  the  shelter,  both 
acale-model  sad  some  full-scale  canopies  maybe  drop- 
tested.  Sack  performance  characteristics  as  drag  coef¬ 
ficient,  amplitude  and  frequency  of  load-parachute  os¬ 
cillation,  drift  rates,  and  comparative  opening-time 
and  opeoing-ahock  values  can  be  accurately  deter¬ 
mined.  Instrumentation  requirements  for  ibis  teat  method 
involve  primarily  photographic  equipment;  however, 
a  simple  force-measuring  strain-gage  type  tensiometer 
with  associated  recording  instrumentation  will  provide 
valuable  additional  data. 

1.2.1. 2  Drop-Testing  from  Aircraft.  The  most 
widely  used  method  for  the  bee-flight  tenting  of  de¬ 
ployable  aerodynamic  deceleration  devices  is  un¬ 
doubtedly  that  which  utilises  cargo,  bomber,  or  fighter 
aircraft  as  the  launch  platform  for  a  gravity  drop-test 
vehicle.  In  general,  two  types  of  tests  are  performed 
utilising  the  aircraft  drop-test  method  (Fig.  U-6);  func¬ 
tional  teats  aad  performance  tests.  The  purpose  of  the 
functional  drop-test  is  to  determine  whether  a  specific 


type  of  deployable  aerodynamic  decelerator  or  sysetm 
will  function  an  predicted  when  aubjected  to  a  known 
set  of  teat  conditions.  Hub  type  of  drop  test  is  usually 
the  simplest  to  conduct  since  it  will  require  very  little 
instrumentation  in  the  test  vehicle.  The  performance 
teat  is  made  for  the  purpose  of  evaluating  the  various 
aerodynamic,  opening,  and  other  performance  charac¬ 
teristics  of  aerodynamic  deceleratora  of  various  types 
or  configurations  and  over  a  wide  range  of  operating 
conditions. 

Depending  upon  the  weight  and  configuration  of  the 
teat  vehicle,  gravity  drop-testing  of  deployable  aero¬ 
dynamic  deceleration  devices  may  be  conducted  at 
speeds  up  In  low  supersonic,  end  at  altitudes  thul 
can  be  attained  by  the  particular  teat  aircraft  utilized. 

Teat-vehicle  weights  of  up  to  50,000  lb  hsve  been 
dropped  from  bomber  aircraft,  sod  cargo  air-drop  tests 
have  been  conducted  with  a  total  test-load  weight  of 
up  to  35,000  lb  extracted  from  cargo-type  aircraft. 
Gravity  drop-tests  of  deployable  aerodynamic  decelera- 
tors  at  low  supersonic  speeds  can  be  accomplished 
by  releasing  or,  preferably,  ejecting  an  aerodynami- 
cally  clean  and  stable  teat-vehicle  from  a  wing  pylon 
or  ejector  rack  of  fighter  aircraft.  Test-vehicle  weights 
of  up  to  2,500  lb  (on  wing  pylon)  aad  3,500  lb  (on 
fuselage  centerline)  have  been  successfully  dropped 
utilizing  this  method.  Aerodynamic  decelerator  testing 
utilising  the  gravity  drop  method  from  aircraft  is  beiag 
performed  primarily  at  the  Joint  Parachute  Test  Facility, 
ALF,  El  Centro,  Calif. 

1.2. 1.3  Drop-Testing  from  High-Altitude  Carrier 
Balloons.  For  the  purpose  of  testing  and  determin¬ 
ing  the  performance  characteristics  of  deployable  aero¬ 
dynamic  deceleratora  at  subsonic  or  transonic  speeds 
end  at  altitudes  above  the  ceiling  altitude  of  conven¬ 
tional  test  aircraft,  helism-filled  high-altitude  polye¬ 
thylene  balloons  are  widely  used  to  provide  a  launch 
platform  from  which  the  test  vehicle  is  released  for  a 
programmed  descent  (Fig.  11-7).  Generalised  load- 
carrying  characteristics  of  high-altitade  polyethylene 
carrier  balloons  are  shows  in  Fig.  11-8.  Test-item  de¬ 
ployment  in  the  subsonic-,  transonic-,  and  low  super¬ 
sonic-speed  regimes  can  be  achieved.  Attainable  test- 
conditions  are  determined  primarily  by  the  drag  chw- 
acteristics  of  the  test  vehicle  ia  coajaaction  with  the 
vehicle  free-fall  distance.  Vehicle-recovery  para¬ 
chutes  in  the  deployed  state  should  be  incorporated 
into  the  balloon-load  train  to  avoid  loss  of  the  test 
vehicle  should  the  balloon  burnt  during  ascent.  Bal¬ 
loon  launches  for  the  testing  of  deployable  aerodynamic 
decelerator*  are  generally  performed  at  the  Air  Force 
Missile  Development  Center,  Holloman  Air  Force 
Base,  Alamogordo,  N.M.  (utilizing  the  White  Sands 
Missile  Range). 
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Fig.  11-2  Joint  Parachute  Tee t  Facility,  Auxiliary  Landing  Field,  El  Centro,  California 


TAHLK  1 1-3  AKRODrNAMIC-DKCF.LKHATOH  TKST-SITK  CIIAHACTKRISTICS 


Tent  Range 

Air  Proving  Ground  (’enter 
Kglin  AFH,  Florida 


White  Sands  Missile 
Range 

Holloman  AFB,  New 
Mexico 


Joint  Parachute  Test 
Facilitily 

Auxiliary  Landing  Field, 
Kl  Centro,  California 


Useful  Range 


Launch  Facilities 


500  ♦  mi  long 
Azimuth 
130°  to  180° 
(Gulf  of  Mexico) 


100  mi  long 


fl)  Kxcellent  ground 
handling  equipment 

(2)  lliree  useable 
launchers  plus  inte¬ 
grated  blockhouse 

(3)  Trained  explosive- 
handling  personnel 

(A)  Limited  assembly  A 
storage  areas 

U)  Six  launch  areas  with 
total  of  36  launch 
pads 

(2)  (iround  handling- 
equipment  available 

(3)  Well  established  ex- 
plosives-handling 
techniques 

(A)  Lxerllrnt  work  areas 

(5)  Balloon  launch 
facility 


3  ranges  available.  Lsr-  (1)  Aircraft-launch 
Re«t  22  mi  long  x  10  mi  facilities:  fighter, 

wide  bomber,  cargo 

(2)  Whirl-tower  test 
facility 

(3)  Ground  handling- 
equipment  available 

(A)  Good  work  areas 

(5)  No  existing  launch¬ 
ers  or  blockhouse 

(6)  Limited  experienced 
personnel  for  hand¬ 
ling  missiles  and 
rockets 


Tracking  and  Data 
Gathering 

Optical  and  Photographic 

(1)  Cinetheodolites 

(2)  Tracking  telescopes 

(3)  Ballistic  cameras 

Klectronic 

(1)  (.’  &  S  band  radars 

(2)  Dovap 

1 3)  FM-FM  telemetry 


Optical  and  Photographic 

(1)  35,  70,  170  mm  inter¬ 
motion  ribbon  frame 
&  35  mm  rotating 
prism  cameras 

(2)  Cinetheodolite 

<3)  Tra  eking  telescopes 
(A)  Ballistic  cameras 

Klectronic 

Radar,  Dovap.  Veloci- 
meter,  NOL  miss  dis¬ 
tance,  FM-FM  &  PDM-FM 
telemetry 

Optica)  and  Photographic 

(1)  Cameras 

(2)  Cinetheodolite 

Klectronic 

(1)  Radar 

(2)  FM-FM  telemetry 
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TAHI.F  1 1*3  (Cont'd) 


Retrieval 

(1)  Trained  boat  crews,  akin  divers 
&  boats  available;  Navy  deep- 
sea  divers  also  available 

(2)  Normal  support  includes  search 
aircraft  with  helicopters  on 
hand 

(3)  3earch  receivers  on  boat 

aircraft 

(1)  Ground  vehicles,  (cranes,  etc.) 

(2)  Search  aircraft,  and  helicopters 


(1)  Ground  vehicles,  cranes,  etc. 

(2)  Search  aircraft,  and  helicopters 


Data  Processing 

(1)  All  necessary  facilities  avail¬ 
able;  Good  capability 

(2)  Normal  schedule  3-4  weeks 


(1)  Excellent  facilities 

(2)  Kffu  ient  operation 
7-1/2  day  schedule 


(1)  Photo-processing 

(2)  Limited  data-reduction 


Remarks 

No  destnict  system  required  if  safe 
impacts  can  be  predicted  to  mini¬ 
mum  of  3-sigma  factors  of  safety. 
Maximum  elevation  angles  88°  to 
89°.  Average  yearly  teat  cancella¬ 
tion  10%.  Estimated  test  cancella¬ 
tion  during  hurricane  season  30-33% 
(Aug-Oct).  Peak  work  load  June- 
Sept 

De struct  capability  may  be  re¬ 
quired  on  3-stage  vehicles;  excel¬ 
lent  weather  conditions;  excellent 
instrumentation  calibration  facilities 


Excellent  year-round  weather 
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Fig.  11-3  Whit •  Sands  Missile  Range,  New  Mexico 
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Fig.  11-4  Air  Proving  Ground  Center  Idiatile  Range,  Florida 
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1.2. 1.4  Drop-Testing  from  Whirl  Tower.  The 
problems  of  conducting  and  observing  controlled  ex¬ 
periments  with  large-  or  full-scale  models  under 
normal  or  near-normal  operating  conditions  led  to  the 
development  of  the  Parachute  Whirl-Tower  Test  Facili¬ 
ty  (Fig.  11-0)  located  at  the  Joint  Parachute  Test 
Facility.  Al.F,  F.l  Centro,  Calif,  la  addition  to  pro¬ 
viding  precise  speed  controls  and  predictable  flight- 
path  data,  the  whirl  tower  provides  free-fall  test  data 
and  evaluation  of  large-scale  parachutes  by  permitting 


release  of  the  parachute-load  system  from  all  restraints 
during  the  test.  'Ihis  ia  made  possible  by  mounting 
the  test  vehicle  with  a  parachute  puck  on  a  release 
device  inside  a  streamlined  nacelle  suspended  from 
the  whirling  arm  of  the  tower.  Parachute  deployment  is 
effected  immediately  after  release  from  the  whirling 
nacelle  by  means  of  a  short  static-line.  Since  the  action 
of  centripetal  fort  e  ceases  at  the  instant  of  release,  the 
free-flying  parachute-load  system  follows  a  predeter¬ 
mined  course  similar  to  the  trajectory  encountered  in 
normal  drops  from  aircraft.  The  height  of  the  release 
point  generally  is  sufficient  to  enable  the  canopy  to 
reach  the  stabilized,  fully  inflated  condition  of  normal 
operation  for  a  brief  interval  prior  to  touchdown  of  the 
suspended  load.  Because  the  flight  trajectory  is  short 
and  its  direction  reproducible  within  narrow  limits, 
very  complete  fixed  instrumentation  coverage  is  pos¬ 
sible. 

Structurally,  the  parachute  whirl-tower  consists  of 
a  truncated  steel  tripod  erected  to  support  a  vertical 
central  drive-shaft.  At  a  point  120  ft  above  the  ground, 
a  counterbalanced  boom  is  secured  to  the  central 
drive-sb  ..ft.  From  the  arm  of  the  boom,  56  ft  outboard 
of  the  central  drive  shaft,  a  114-ft  flexible  steel  cable 
is  suspended.  The  cable  supports  a  streamlined  mis¬ 
sile  which  incorporates  equipment  to  carry  and  re¬ 
lease  test  vehicles  and  the  parachutes  to  be  tested. 
The  whirl  tower  has  a  maximum  working  radius  of  172 
ft  and  is  powered  by  a  2800-hp  motor  Two  test  ve¬ 
hicles  are  presently  in  use  for  whirl-tower  testing: 
(1)  s  nacelle  with  provisions  for  mounting  a  230-lb 


Fig.  11-6  Aircraft  Drop  Test 
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dummy  (Fig.  11-10);  and  (2)  h  genrrul -purpose  lest 
vehicle  for  teat  louda  from  200  to  550  lb  (1‘ig.  11-11), 


Fig.  11-7  Helium-filled  Rallonn  Used  as  Launch 
Platform 


In  the  nacelle  team,  the  dummy  can  be  releaaed  from 
the  nacelle  tit  speeds  up  to  435  knota.  Hie  nacelle 
in  thia  caae  providen  a  atreamlined  ah  ape  to  aupport 
a  stable,  high-speed  teat  run.  In  the  uae  of  the  general- 
purpoac  teat-vehicle,  the  teat  vehicle  ia  releuaed 
and  aervea  hh  the  atreamlined  miaaile  aa  well  aa  the 
teat  load.  With  the  general-purpose  teat-vehicle,  teat 
apeeda  up  to  400  knots  have  been  attained.  A  com 
pnitinent  of  13  in.  diameter  and  30  in.  length  ia  avail¬ 
able  for  stowage  of  the  teat  item. 

The  types  of  tents  which  may  be  conducted  on  this 
test  facility  run  be  defined  as: 

(a)  Reliability  tents:  the  consistency  and  unifor¬ 
mity  of  deployment  and  opening  processes  over  a  large 
number  of  testa. 

(b)  Functional  testa:  general  tiehavior  during  de¬ 
ployment  and  inflation 

lei  Performance  evaluation  teats:  the  determination 
of  characteristic  performance  data. 

(d)  Strength-evaluation  testa:  the  evaluation  of 
strength  characteristics  by  means  of  destruction  tests. 

(e)  Applied-research  tests:  validation  testing  in 
support  of  theoretical  studies. 

The  whirl  tower  never  can  be  adequate  for  a  com¬ 
plete  atudy  of  the  behavior  of  a  parachute  or  other 
aerodynamic  deceleratar,  because  the  maximum  drop- 
altitude  is  fixed  at  120  ft  by  the  tower’s  height.  In 
its  present  state,  the  facility  ia  not  suitable  for  per¬ 
formance  of  tests  that  require  deployment  speeds 
above  435  knots,  suspended-load  weights  of  more  than 
500  lb,  or  cunopies  larger  than  32  ft  in  diameter.  It 
appears  to  be  possible  to  undertake  and  accomplish  a 
running  average  of  six  drop  tests  an  hour.  Obviously, 
this  number  will  be  reduced  by  occasional,  normal 
drlavs.  and  also  will  be  less  for  more  complicated 
tests  employing  special  instruments  or  unusual  test 
procedures.  Normal  instrumentation  at  the  site  con¬ 
sists  of  telemetering  systems  nr  self-recording  instru¬ 
ments  installed  in  the  test  or  suspended  load,  and  of 
photographic  instrumentation  placed  at  strategic  loca¬ 
tions  around  the  test  facility. 

Besides  the  evaluation  of  deployable  aerodynamic 
deceleretors  of  various  types  and  designs,  and  for 
different  applications,  accessories  such  as  harnesses, 
fittings,  deployment  bags,  static  lines,  pilot  chutes, 
extraction  parachutes,  and  devices  associated  with 
decelerator  deployment  may  be  thoroughly  tested.  The 
behavior  of  parachutes  in  the  reefed  condition  may 
also  be  observed  and  measured. 

1.2.2  POWKHKD-MISSIFF,  TF.STS.  The  extension 
of  deployable  aerodynamic  decelerator  operation  into 
supersonic  speeds,  and  into  high-altitude  flight  re¬ 
gimes,  has  required  the  development  and  acquisition 
of  new  decelerator  test-methods.  To  achieve  the  de- 
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aired  deployment  conditiona  for  the  aerodynamic  de¬ 
celerate™  in  terms  of  apeed  and  altitude,  solid-fuel 
rocket-boosted,  low-drag  test-vehicles  are  being  em¬ 
ployed.  To  obtain  economy  of  teat  operations,  test 
missiles  are  launched  from  aircraft,  from  stratospheric- 
altitude  balloons,  or  from  the  ground,  depending  upon 
the  particular  test  point  to  be  achieved. 

Hie  use  of  powered  free-flight  test-vehicles  has  re¬ 
quired  increased  data-acquiailiou,  safety,  recovery, 
nnd  reliability  over  those  used  before.  Basically,  data- 
acquisition  systems  incorporated  in  powered  free- 
flight  test-vehicles  consist  of  photographic  subsystems 
to  record  dynamic  phenomena  during  aerodynamic  de- 
celerator  deployment,  and  operation,  and  electronic 
subsystems  (usually  telemetry  links)  to  sense  and 
transmit  desired  performance  characteristics  throughout 
the  period  of  flight.  Radar  tracking  beacons  and  booster 
or  test-vehicle  destruction  systems  are  usually  re- 


Fig.  11-9  Parachute  Whirl-Tower  Test  Facility 
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Fig.  11-10  Nacelle  with  Provisions  for  230-lh  Dummy 


quired  by  the  teat  center. 

1.2.2. 1  Test-Missile  Launch  from  Aircraft.  To 
achieve  auperaonic  l eel-point »  at  altitudea  below 
40,000  ft,  the  launching  of  rockel-booeted  teat-vehicles 
from  Tighter  or  bomber  aircraft  ia  moat  economical. 
Single  (Fig.  11-12)  and  clustered  (Kig.  11-13)  aero¬ 
dynamic  decelerator  teat-miaailea  boosted  by  single, 
clustered,  or  staged  solid-fuel  rockets  maybe  launched 
from  aircraft.  The  aniid-fuel  rocket  is  usually  ignited 
after  a  sufficiently  long  period  of  vehicle  free-fall 
from  the  carrier  aircraft  to  allow  for  sufficient  escape- 
time  of  the  launching  aircraft  for  flight  safety.  In  order 
to  avoid  accidental  ipiition  of  solid-fuel  rockets  or 
other  pyrotechnic  devices,  it  is  the  practice  at  some 
test  centers  to  use  squibs,  ignitors,  etc.,  which  do 
not  fire  unless  more  than  a  one-watt  and  a  one-ampere 
signal  is  applied,  or  which  are  shielded  against  elec- 
tro-magnetic  radiation. 

1. 2.2.2  Test-Missile  Launch  from  High- Altitude 
Carrier  Ralloons.  Powered  test-missiles  may  be 
launched  from  platforms  suspended  from  stratospheric- 


Fig.  ll-ll  General-Purpose  Test  Vehicle  for  Test  Loads  from  200  to  500-lb. 
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hu.  1112  Skokie  iin  rtifl  Prop.  Powered 


.till hull'  h.illnniis  In  ,i<hie\e  supersonic  deer  ler.ilor 
test-points  at  altitudes  above  those  oliliiiiialili'  will) 
aircraft  launches.  Iln-  choice  of  whether  In  launch 
from  a  ImlliHin  nr  from  the  ground  In  obtain  a spec  i fiml 
test-point  in  largelt  governed  In  tin-  econoinii  .mil 
Hiifi'tv  aspects  nf  I'm  li  particular  mission.  lest  mis- 
niIi'n  iiiii \  laillli  Ill'll  ill n m uh  the  iijii'l  nf  t lie  IihIIimhi 
nr  .il  .in  .ingle  from  tlir  M-rliinl.  In -passing  the  carrier 
liiillimn.  In  iln-  latter  i . ini'., i  rapabilitv  for  directional 
rout  rut  of  the  li'Nt-iniNNi  In  I  mi  ii  rli  a!  balloon  flout  inf¬ 
ill  t itml c  fill  br  rri|inri'il.  Ibis  run  he  achieved  bv 


iik'iiii n  of  “sun-seekers”  coupled  with  pulse  jets  to 
rotutr  tbe  hulloon-missilc  system  ul  floating  altitude 
into  tin*  desired  launch-direction.  (iencralized  perfor¬ 
mance  curves  for  slriilosplieri  c-a  lli  tudc  carrier  balloons 
are  shown  in  I'ig.  1  l-H. 

1.2. 2.3  Text-'Ussilr  l.imnrli  from  I round.  ITie 
most  eoniiiion  nietlnid  of  launching  powered  missiles 
for  an  uerudvnuniic  derelerator  test  is  the  ground- 
luiinch  method  (l'ig.  11-11),  Short  ruil-launehers  guide 
the  lost  vehicle  during  ils  initial  period  of  acceleration. 

Selection  of  the  propulsion  units  and  staging  for 


Fin.  11-13  Cree-C.luster  Aircraft  Drop,  Powered 


L ig.  11-14  (rce  I i round  Launch 


launching  of  test  vehicles  must  be  predicated  on  an 
analysis  of  several  considerations,  anion#  which  are 
performance,  range  safety,  aerodynamics,  reliability, 
structure  and  tlienuul  effects.  ITie  primary  considera¬ 
tion  in  determining  rocket-motor  staging  is  reliability 
in  attaining  the  desired  velocity-altitude  conditions 
in  the  tent.  Selection  of  the  booster  units  for  the  var¬ 
ious  stages  should  include  consideration  of  relative 
booster  size  to  achieve  near-optimum  mass-ratios  for 
the  stages,  efficiency,  cost,  reliability,  and  previous 
record  of  performance.  Selection  of  the  initial  stage 
is  also  influenced  by  thermal  and  inertial  loading  con¬ 
siderations.  To  minimize  aerodynamic  heating  and  the 
g-load  effects  during  boost,  the  initial  stage  should 
have  a  relatively  long  burning  time.  Generalized  per¬ 
formance  capabilities  for  test  vehicles  (If1  -  250,500 
and  800  lb)  for  aerodynamic  decelerators  for  various 
solid-fuel  rocket-booster  combinations  (Ref  (11-1)) 
are  shown  in  Fig.  11-15.  The  trajectories  shown  are 
not  necessarily  optimum  from  the  standpoint  of  aero¬ 
dynamic-heating  and  range  considerations.  This  is 
especially  true  for  the  higher  velocities.  For  such 
cases,  the  range  and  aerodynamic-heating  considera¬ 
tions  can  have  a  strong  influence  on  the  design  of  the 
vehicle  system,  the  initial  launch-altitude  of  the 
vehicle,  and  staging  operations. 

1.3  Captive  or  Tow  Totting  (Restraint).  In  the 

area  of  captive  or  low  testing  of  deployable  aerody¬ 
namic  decelerators,  four  different  test  methods  have 
been  developed  and  are  being  utilized  extensively: 


(I)  aircraft  tow-tests,  in  which  the  aerodynamic  de- 
crlerutor  is  deployed  behind  the  test  aircraft  either 
in  free-flight  or  during  the  landing  roll;  (2)rocket-sled 
trsting,  in  which  the  test  vehicle  is  propelled  by 
suitable  rocket-propulsion  units  along  a  railed  track 
und  the  aerodynamic  decelorutor  deployed  after  a  de¬ 
sired  velocity  has  been  reached;  (3)  water-tow  testing 
in  which  two-dimensional  or  three-dimensional  test 
models  are  towed  in  water  or  other  similar  fluids;and 
(4)  wind-tunnel  testing. 

'ITie  advantages  of  captive  or  tow  testing  are  the 
extreme  accuracy  in  control  of  initial  test-conditions, 
the  highly  accurate  and  precise  measurement  of  per¬ 
formance  parameters,  the  use  of  recoverable  and  re¬ 
usable  test-vehicles,  snd  the  high  frequency  of  test¬ 
ing  obtainable.  In  some  cases,  the  cost  of  testing 
is  significantly  lower  than  that  obtainable  with  other 
test  methods.  There  are,  however,  disadvantages  to 
captive  or  tow  testing,  the  major  ones  being  that  in 
all  cases  the  test  item  is  restrained  and  only  limited 
freedom  of  motion  during  test  is  obtained,  and  that 
all  testing  is  conducted  under  infinite-mass  operating 
conditions,  meaning  that  the  velocity  decay  during 
test-item  inflation  is  extremely  small. 

1.3.1  AIRCRAFT  TOW.  Towing  parachutes  be¬ 
hind  aircraft  has  proven  to  be  a  satisfactory  method 
of  testing,  particularly  if  the  parachute  is  intended  to 
be  used  in  aircraft  inflight  and  landing  deceleration. 
Since  it  is  standard  practice  to  equip  jet  fighters  and 
bombers  with  deceleration  parachutes,  the  parachute 
system  designed  for  a  particular  aircraft  should  be 
tested  behind  that  aircraft.  By  doing  this,  the  perfor¬ 
mance  characteristics  of  the  parachute  system  can  be 
accurately  determined  under  actual  operating  condi¬ 
tions.  This  is  especially  valuable  where  wake  effects 
are  encountered. 

1.3. 1. 1  Runway  Tow.  A  B-66  taxi-test  vehicle 
is  being  utilized  si  the  Aeronautical  Systems  Division, 
W-P  AFB,  Ohio,  to  obtain  performance  data  on  various 
parachute  designs  and  to  evaluate  the  performance  of 
parachute  systems  for  aircraft  landing  deceleration 
(Fig.  11-16).  Parachute  deployment,  drag,  and  to  some 
extent,  stability  characteristics  can  be  determined 
at  speeds  up  to  130  knots  on  a  12,000  ft  runway. 
Canopies  of  diameters  up  to  35  ft  may  be  tested.  In¬ 
strumentation  to  measure  and  record  parachute  forces, 
ground  speed,  and  various  other  data  on  a  common 
time-base  is  installed  in  the  test  vehicle. 

1.3. 1.2  Inflight  Tow.  To  determine  specific  para¬ 
chute  performance  characteristics  at  higher  deployment 
speeds  and  higher  altitudes,  and  to  evaluate  the  per¬ 
formance  of  parachute  systems  for  inflight  applications, 
a  B-47  aircraft  has  been  used  successfully  as  a  test 
vehicle  (Fig.  11-17.)  Canopies  with  diameters  up  to 
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Ji*/5  General  Performance  Capabilities  for  Aerodynamic  Decelerate r  Tettt  for  Various  Solid  Fuel  Rocket  Booster  Combinations 
( Ground  Launch ) 


Fig.  11-16  R-66  Taxi-Texting 


16  ft  may  be  deployed  at  apeeda  of  up  to  195  knots 
without  impairing  the  safety  of  flight.  The  R-47  air¬ 
craft  ia  equipped  with  inatrumentation  to  measure  and 
record  parachute  forcea,  aircraft  apeed,  and  other 
operational  data  versus  time. 

1.3.2  ROCKET-SLED  TOW.  '‘Free-air”  test 
facilities  are  being  used  successfully  for  determining 
deployment  and  aerodynamic  characteristics  as  well 
as  general  performance  charucteriatica  of  parachutes 
and  other  aerodynamic  decelerator  syatems  at  sub- 
aonic,  transonic,  and  supersonic  speeds.  Basically, 
a  free -air  test  facility  conaiata  of  a  straight,  precisely 
aliped,  dual-rail  track  along  which  powered  teat- 
nleds  caa  move.  The  canopy  or  syntem  to  be  tested 
initinlly  is  stowed  on  the  tent  sled  and  remains  attached 
after  deployment  (Fig.  11-18  and  11-19).  The  free-air 
teat  facilities  have  a  number  of  advantages  over  other 
test  methods,  among  which  are  most  important  (1) 
large-size  models  or  even  full-scale  parachutes  or 
other  aerodynamic  deceleratora  may  be  tested;  thus, 
the  effect  of  dimensional  scale-factors  need  not  be 
considered;  (2)  high  dynamic  pressures,  which  are 


Fig.  11-17  B-47  Inflight-Texting 


attainable,  permit  testing  that  can  establish  structural 
safety  factors;  and  (3)  problems  associated  with  flow- 
field  interference  are  reduced  compared  with  other 
test  methods.  Disadvantages  of  this  test  method  in¬ 
clude  the  fact  that  testing  ia  limited  to  one  atmosphere 
density,  and  usable  test-periods  are  of  short  duration 
since  the  test  period  is  limited  by  the  track  length 
and  by  the  length  of  time  during  which  the  sled  can 
be  maintained  at  required  test  velocities;  also,  pro¬ 
pulsion  costs  may  be  high,  especially  for  testing  at 
higher  velocities. 

The  free-air  test  facility  currently  used  for  testing 
deployable  aerodynamic  deceleratora  is  located  at 
and  operated  by  the  Air  Force  Missile  Development 
Center,  Holloman  Air  Force  Base,  N.M.  The  facility 
consists  of  dual-rail  track  35,000  ft  long,  and  is 
located  at  the  edge  of  the  White  Sands  Missile  Range. 
The  track  usea  two  crane  rails  apaced  7  ft  apart.  The 
rail  foundation  is  designed  to  resist  vertical  down 
loads  of  70,000  lb  per  slipper,  vertical  up  loads  of 
25,000  lb  per  slipper,  and  lateral  loads  of  40,000  lb 
per  slipper  on  any  two  slippers.  To  decelerate  and 
stop  the  test  sled  at  the  conclusion  of  the  test  run,  a 
water  trough  60  in.  by  14  in.  is  located  between  the 
rails.  For  every  10  ft  10  in.  interval,  for  the  entire 
length  of  the  track,  there  is  a  holding  fixture  into 
which  a  frangible  dam  can  be  inserted.  This,  together 
with  a  scoop  or  “water  brake”  mounted  on  the  sled, 
can  provide  means  for  test-vehicle  deceleration. 

1.3.3  WATER  TOW.  A  very  inexpensive  means 
of  testing  aerodynamic  deceleration  devices  is  avail¬ 
able  in  the  water-tow  test  method.  This  test  is  par¬ 
ticularly  well-suited  for  the  study  of  the  internal  and 
external  aerodynmnic  characteristics  during  super¬ 
sonic  operation  of  flexible  aerodynamic  deceleration 


lift-  11-18  l.OX/4 Icokol  Sled  with  Parachute 


devices  sod  primary-secondary  body  combi  nations,  aa 
well  as  (or  the  strength-testing  of  deceleration  de¬ 
vices  under  hi^i  dynamic  pressures.  Naturally,  there 
are  limitations  to  this  method  of  testing  with  respect 
to  the  velocity  that  can  be  simulated.  For  two-dimen¬ 
sional  model  testing,  this  limit  is  given  by  bounds  of 
validity  of  the  water  surface-wave  analogy,  whereas 
for  “deep-water"  tow  the  limit  in  reached  at  an  equi¬ 
valent  Mach  number  of  0.8,  when  cavitation  around  the 
teat  item  usually  develops. 

1.3.3. 1  Shallnw-Woter  Test.  The  shallow-water 
test  is  especially  advantageous  in  studying  the  ex¬ 
ternal  and  internal  aerodynamic  characteristics  of 
flexible  aerodynamic  decelcratora  and  primary-secon¬ 
dary  body  combinations  at  supersonic  speeds,  employ¬ 
ing  the  water  aurface-wave  analogy.  Two  types  of 
facilities  are  the  most  commonlv  employed.  The  first 
uses  a  fixed  model  with  the  water  flowing  past  the 
model  (water-flow  channel.  Fig.  11-20).  Here,  the 
velocity  of  fluid  flow  and  depth  of  the  fluid  are  con¬ 
trolled  and  maintained  through  a  reservoir  and  sluice¬ 
gate  arrangement  and  by  changing  the  slope  of  the 


table.  The  second  is  basically  a  trough  containing 
fluid  of  a  specified  depth,  through  which  a  two-dimen¬ 
sional  model  is  towed  at  constant  velocity  or  at  a 
velocity  with  predetermined  variation  (water-tow  chan¬ 
nel,  Fig.  11-21).  The  analogy  of  the  flow  of  a  liquid 
with  a  free  surface  in  a  gravity  field  to  the  two-dimen¬ 
sional  flow  of  a  compressible  gas  has  been  known  for 
some  *.ime(Ref  (11-2), -3),  -4),  and  -5)).  The  analogy 
explains  the  phenomena  that  occur  when  a  body  moves 
through  a  fluid  with  a  free  surface;  that  is,  it  predicts 
the  "hydraulic  jump"  or  standing  wave  that  forms 
ahead  of  the  moving  body.  In  the  case  of  a  two-dimen¬ 
sional  aerodynamic  decelerator  model,  this  wave  is 
analogous  to  the  wave  visualized  by  Schlieren  and 
Shadowgraph  photographic  methods  on  three-dimen¬ 
sional  bodies  in  supersonic  air-streams. 

A  summary  of  the  water  surface-wave  analogy  is 
presented  in  Table  11-4.  As  can  be  readily  seen,  there 
are  limitations  to  the  application  of  this  analogy  to 
model  testing  at  simulated  supersonic  velocities. 
Some  of  these  are;  (1)  the  analogy  applies  to  a  hy¬ 
pothetical  gas  having  y  »  2.0.  Thus,  changes  in  flow 
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Fig.  11-19  Tomahawk  Sled  with  Parachute 
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where 


characteristics  resulting  from  the  difference  between 
the  actual  and  hypothetical  values  must  be  kept  in 
mind;  (2)  since  in  the  analogy  the  water  depth  repre¬ 
sents  the  density,  only  two  other  dimensions  remain 
for  the  geometric  representation  of  the  flow  field; 
hence,  only  two-dimensional  shapes  or  bodies  can  be 
geometrically  represented;  (3)  the  actual  velocity  of 
the  wove  propagation  is  not  given  exactly  by  the  equa¬ 
tion; 


V-  =  Jr  8U<  or  (Water  Wave  Velocity) 


/(Force  of  (iruvity  x  Water  Depth). 


A  -  Wavelength;  and 
a  «  Surface  tension. 

After  expanding  the  term  for  the  hyperbolic  tangent; 


as  assumed,  but  more  accurately  by  the  equation 

C  -  Kh.  +  'll?  tanh  2 

2  n  pA  * 


Thus,  the  actual  velocityof  wave  propagation  depends 
not  only  on  the  depth  of  the  liquid,  8W,  but  also  on 
its  surface  tension,  a,  and  the  wavelength.  A;  and 
(4)  the  disturbance  wavelength  in  shallow  water  is 


Fig.  11-20  Water  Flow-Channel 
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Fif>.  11-21  Voter  Tow-Channel 


proportional  to  the  model  size:  hence,  relatively  large 
models  should  be  used  during  tents  to  reduce  the 
capillary  ripples. 

While  both  the  Bhat  low-water  (low  and  shallow-water 
tow  methods  have  advantages  of  inexpensive  and 
accurate  supersonic  flow  simulation  and  provide  a 
rapid  qualitative  analysis  of  fluid-flow  phenomena, 
there  are  inherent  disadvantages,  as  in  any  type  of 
testing.  For  the  shallow-water  flow  test,  some  of  the 
disadvantages  are:  (1)  non-uniform  velocity  distribu¬ 
tion  and  turbulence  in  free-streum:  (2)  transonic  speed 
cannot  be  simulated  to  provide  accurate  and  reliable 
data;  (3)  varying  and  accelerating  free-stream  velocity 
are  virtually  impossible  to  achieve;  (4)  due  to  choking, 
the  size  of  the  model  is  critically  limited;  and  (5) 
vertical  accelerations  can  become  quite  large.  For 
the  shallow-water  tow  test,  disadvantages  are:  (1) 
test  time  is  relatively  short  and  is  limited  by  the 


length  of  the  tow  channel;  \ 2 )  pressure  (water-depth) 
measurements  are  difficult  to  obtain  during  the  tran¬ 
sient  part  of  the  test  run;  and  (3)  movement  of  the 
test  model  increases  the  difficulty  of  measuring  and 
recording  desired  parameters. 

1.3.3. 2  Deep-Water  Test.  The  testing  of  strength, 
even  to  destruction,  of  canopies,  as  well  as  the 
determination  of  their  opening-characteristics  in 
subsonic  flow  nt  relatively  high  dynamic-pressures, 
may  be  accomplished  most  expeditiously  and  economi¬ 
cally  by  means  of  towing  canopies  in  deep  water.  Be¬ 
cause  of  the  higher  density  of  water,  which  is  approxi¬ 
mately  800  times  that  of  air,  high  dynamic-pressure- 
conditions  can  be  satisfied  in  water  at  relatively  low 
towing-speeds. 

Testing  may  be  conducted  in  open  water,  with  a 
boat  or  ship  as  the  towing  means,  or  in  existing  water 
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Two-Dimensional  Compressible-Gas  Flow 


Flow  Medium: 

Hypothetical  gas  with 

cpcv  -  Y  ~  2 

Field  Geometry: 

Two-dimensional  field,  model  and 
aide  boundariea  geometric  a!.1  v 
similar 


l.iquid  Flow  With  Free  Surface  in 
Gravity  Field 


Flow  Medium: 

Incompressible  liquid 


Field  Geometry: 

Shallow  water  with  horizontal  bottom 
and  free  top  surface.  Model  and  sides 
geometrically  similar. 


Corresponding  (Quantities:  Corresponding  Quantities: 


Velocity  ratio 

^  ^niax^q 

Velocity  ratio 

<^max>u, 

Temperature  ratio 

7  /' 

*  o 

Water  depth  ratio 

Density  ratio 

P  Po 

Water  depth  ratio 

V*u.o 

Pressure  ratio 

/>//>„ 

Square  of  water 
depth  ratio 

w2 

Velocity  of  sound 

a  m^y  p  p„ 

Wave  velocity 

Mach  number 

1  i  " 

Mach  number 

yW'VeSw 

Subsonic  flow 
Supersonic  flow 
Shock  wave 

Streaming  flow 
Shooting  flow 
Hydraulic  j  ump 

tow-channels,  such  as  the  ones  at  the  David  Taylor 
Model  Basin,  Bureau  of  Naval  Weapons.  Carderock, 
Md.  (Hef  (11-6)).  Tests  are  conducted  by  towing  a 
model  or  even  a  full-scale  canopy  in  water  over  a 
relatively  large  distance  at  a  known  constant  speed. 
I'he  test  canopy  is  initially  packed  in  a  stowage  con¬ 
tainer  (Hef  (II  -?)),  and  the  boat  or  ship  (in  open-water 
testing),  or  the  tow  carriage  (in  water-tow  channel 
testing),  is  accelerated  to  the  desired  velocity.  At 
this  time,  the  test  canopy  is  deployed  by  remote  con¬ 
trol,  exposing  it  to  the  flow.  Visual  observntions, 
motion  pictures  of  the  parachute’s  dynamic  behavior, 
as  well  as  continuous  force-measurements  are  pos¬ 
sible.  Quantitative  ns  well  as  qualitative  analyses 
of  parachute  performance  may  be  made,  with  consid¬ 
eration  of  cloth  permeabilities  as  affected  by  air  and 
water  (Ref  (11-8)). 

This  testing  method  has  several  distinct  advantages 
over  other  testing  methods  in  which  high  dynamic 
pressure  conditions  are  required.  Testing  can  be  con¬ 
ducted  at  relatively  low  towing  speeds  compared  with 
air  speeds  necessary  to  obtain  equivalent  dynamic 
pressure  conditions.  Significantly  lower  test-costs 
are  realized  due  to  the  utilization  of  less-sophisti¬ 


cated  test  equipment.  The  canopies  can  be  subjected 
to  high  dynamic  pressures  for  a  long  period  of  time, 
making  possible  an  accurate  determination  of  canopy 
steady-state  characteristics.  Transient  characteris¬ 
tics  such  as  opening  time,  opening-shock  loads,  and 
oscillations  can  be  easily  determined  over  a  wide 
range  of  dynamic  pressures. 

However,  testing  of  parachutes  in  deep  water  can 
be  conducted  only  up  to  speeds  where  cavitation  oc¬ 
curs.  Cavitation  takes  place  when  a  fluid  flows  into 
a  region  where  its  absolute  pressure  is  reduced  to 
its  vapor  pressure;  thus  it  boils  and  vapor  pockets 
develop  in  the  fluid.  The  vapor  bubbles  are  carried 
along  with  the  fluid  until  a  region  of  higher  pressure 
is  reached  where  the  vapor  bubbles  rapidly  collapse. 
Obviously,  after  the  inception  of  cavitation,  the  flow 
around  parachutes  in  water  is  not  similar  to  the  flow 
around  parachutes  in  air.  Experience  has  shown  that 
with  parachutes  towed  at  a  water  depth  of  8  ft,  cavi¬ 
tation  begins  to  develop  at  a  towing  speed  of  20.8 
knots  (Mach  0.8  equivalent  air  speed).  Model  size  is 
limited  in  channel  testing  to  avoid  wall  effects.  For 
a  correct  analogy  of  dynamic  pressures  care  must  be 
taken  to  conduct  tests  below  the  "critical”  speed. 
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The  critical  speed  ia  that  velocity  where  a  shock 
wave  ia  fanned  ahead  of  the  body,  und  ia  analogous  to 
the  speed  of  aound  in  uir. 

Hoard  upon  teat  reaulta,  the  following  coinpuriaon 
may  be  made  between  parachute  perfonnance  charuc- 
teriatica  in  water  and  in  uir  under  equivalent  velocity 
and  dynamic  preMaure  conditional  II)  The  opening, 
ahock  factor  aasociutrd  with  a  particular  cunopv  tvpe 
ia  larger  in  air  than  it  ia  for  the  name  type  in  water. 
Thia  ia  becuuae  of  the  difference  in  the  rate  of  load¬ 
ing  by  the  uir  and  water  musses,  (2)  The  drag  urea 
of  a  solid  doth  canopy  lowed  in  water  ia  higher  than 
that  of  the  same  canopy  tented  in  air,  becuuae  of  ef¬ 
fective-porosity  differences.  (3)  Hake  effects  are 
somewhat  different  in  water  than  in  air.  Although  in 
subsonic  flow  the  drag  of  a  canopy  increases  as  its 
distance  behind  a  primary  body  is  lengthened,  thia 
trend  is  reversed  in  water.  It  ia  believed  that  in  wuter 
there  exists  a  “super-velocity”  region  in  that  portion 
of  the  wake  to  which  the  aerodynamic  decelerator  ia 
exposed,  diminishing  with  distance  behind  the  fore¬ 
bode.  This  accounts  for  the  fact  that  thr  drag  of  a 
canopy  placed  behind  a  primary  body  in  water  ia  high¬ 
est  “close-in"  and  decreases  as  the  canopy  is  moved 
downstream. 

1.3.4  WIND-TI'NNEI.  TESTING.  The  use  of  wind 
tunnels  for  the  measurement  of  aerodvnumic  charac¬ 
teristics  and  the  acquisition  of  performance  data  for 
the  design  of  uerodynmnic  deceleration  devices  has 
proved  to  be  one  of  the  most  productive  test  methods. 
Results  from  wind-tunnel  tests  have  contributed  signi¬ 
ficantly  to  the  advancement  of  aerodynamic  decelera- 
tor  technology.  Although  wind-tunnel  testing  is  not 
well  suited  for  the  study  and  determination  of  all  of 
the  aerodynamic  and  performance  characteristics  of 
deployable  aerodynamic  decelerators.  this  test  method 
nevertheless  presents  advantages  that  balance  out 
the  shortcomings  of  some  of  the  data  which  may  be 
obtained.  The  main  advantages  of  using  the  wind  tun¬ 
nel,  compared  with  other  test  methods,  are:  (1)  the 
test  conditions  are  subject  to  close  control;  (2)  mea¬ 
surements  at  maximum  precision  may  be  made;  (3) 
much  data  can  be  obtained  within  a  relatively  short 
period  of  time;  (4)  flow  visualization  around  aerodyna¬ 
mic  decelerators  is  possible;  and  (5)  within  certain 
limits,  comparative  relationships  and  trends  deter¬ 
mined  during  wind-tunnel  tenting  usually  correlate 
with  full-scale  free -flight  performance. 

Disadvantages  arise  mainly  from  the  limitation  of 
size  of  models  which  can  be  investigated,  from  thr 
restraint  on  the  freedom  of  motion  of  the  system  in  the 
wind  tunnel,  and  from  the  limitation  of  the  maximum 
dynamic  pressure  which  may  be  obtained.  A  number 
of  test  problems  are  encountered  during  wind-tunnel 
tests,  of  which  the  most  difficult  are:  (1)  wind-tunnel 


blocking  and  wall  effects;  (2)  testing  below  critical 
Reynolds  numbers;  (3)  direct  measurement  of  canopy 
side  loads,  and  (4)  mounting  of  models  to  minimize 
separation  effects. 

HI  ocking  effects  urisr  when  the  ratio  of  the  model 
projected  area  to  the  test-section  area  ia  large.  For 
subsonic  testing,  thr  maximum  ratio  of  model  area  to 
test  section  urea  should  not  be  larger  than  approxi¬ 
mately  15  per  cent  if  blocking  effects  are  to  be  mini¬ 
mized.  Ibis  area  ratio  applies  primarily  to  opening- 
shock  measurements  of  cunopies.  l  or  the  determina¬ 
tion  of  uerodvnamic  coefficients,  smuller  models  should 
be  utili/ed.  Ill  general,  for  best  results,  the  projei  ted 
area  of  the  inflated  aerodynamic  decelerator  model 
should  not  exceed  10  to  15  per  cent  of  the  test  sec¬ 
tion  area. 

Hind-tunnel  tests  are  generally  conducted  above  the 
critical  Reynolds  number  in  order  to  avoid  scale  ef¬ 
fects.  As  in  aircraft  work,  un  attempt  is  made  to  achieve 
Reynolds  numbers  equivalent  to  actual  full-scale  test 
or  operational  conditions;  however,  this  has  seldom 
been  feasible  because  of  the  large  diameters  of  cano¬ 
pies. 

The  system  for  mounting  the  model  in  the  wind  tun¬ 
nel  should  be  sufficiently  rigid  to  prevent  vibration 
from  cuusing  excessive  angles  of  attack  of  the  model. 

Thr  extension  of  wind-tunnel  testing  into  the  re¬ 
gimen  of  transonic,  supersonic,  and  hypersonic  speeds 
has  opened  up  an  entire  new  field  of  research  in  the 
area  of  deployable  aerodynamic  decelerators.  Natur¬ 
ally,  there  are  also  problems  connected  with  testing 
in  such  higher  Much-number  speed  regimes,  parti¬ 
cularly  with  respect  to  choice  of  model  size  and 
model  placement  in  thr  test  section. 

Some  wind-tunnel  test  facilities  which  have  been 
used  for  the  testing  of  deployable  aerodynamic  de- 
celerators  are  listed  in  Table  11-5. 

1.3.5  |.\H()HAT()RY  TESTING.  Laboratory 

tests  are  made  on  components  rather  than  on  the  com¬ 
plete  aerodynamic  decelerator  assembly.  The  primary 
area  of  investigation  of  fabrics  involves  permeability, 
strength,  and  elasticity.  Subsidiary  tests,  such  as 
the  results  of  chemical  analysis,  determining  weather¬ 
ing  qualities,  or  determining  the  friction  coefficient  of 
a  material,  are  made  with  reference  to  their  effect  on 
the  primary  characteristics.  Since  required  charac¬ 
teristics  for  textiles  in  other  fields  are  somewhat 
similar,  the  leating  equipment  for  aerodynamic  de- 
celerator  textiles  has  been  borrowed  or  adapted  from 
these  other  fields.  However,  characteristics  such  as 
permeability,  and  elongation  because  of  load,  are  more 
thoroughly  investigated.  The  methods  described  in  the 
following  paragraphs  are  primarily  for  textile  testing. 
Some  testing  is  done  on  aerodynamic  decelerator  hard¬ 
ware,  but  this  follows  the  same  pattern  as  any  metal 


471 


472 


473 


474 


testing  -  Much  uh  bending  and  hardness  testing,  and 
spectrograph ic  and  c  hemical  analysis.  A  number  of 
instruments  are  commercially  available  fur  all  of  these 

tests. 

1.3.5. 1  Air  Permeability.  Through  its  control  of 
the  sir  mass  inside  the  canopy  and  the  flow  over  it, 
the  air  permeability  of  the  fabric  is  an  important  fuctor 
in  determining  parachute  performance  characteristics 
such  as  critical  opening-velocity,  opening-shock,  and 
stability.  Air  permeability  is  measured  by  damping  a 
fabric  specimen  tightly  over  an  orifice,  lice  air  flow 
is  either  drawn  or  blown  through  the  fabric  specimen. 
The  standard  method  has  been  to  measure  flow  in 
terms  of  cubic  feet  per  minute  per  square  foot  of  art  a 
with  0.5  in.  of  water  pressure-drop  ucross  the  fabric 
specimen. 

1. 3.5.2  Strength.  The  strength  of  a  textile  material 
is  usually  measured  by  clamping  a  specimen  between 
a  fixed  and  a  movable  set  of  grips  or  jaws  and  sub¬ 
jecting  it  to  tension.  The  loading  cun  be  imposed  to 
the  point  of  rupture  or  to  any  lesser  value.  The  elon¬ 
gation  and  energy-absorption  can  be  determined  and. 
in  some  instances,  pencil-graphed  directly  from  the 
instrument.  Tensile  strength  is  usually  expressed  in 
terms  of  pounds,  kilograms,  or  grams:  per  width  of 
the  specimen  for  webbings,  tapes,  und  ribbons;  per 
specimen  shaped-area  with  fibers,  yams,  threads, 
and  cords;  and  per  inch  width  in  the  case  of  cunopy 
fabric.  Strength  factors  are  measured  under  many  dif¬ 
ferent  coaditioas,  depending  upon  the  study  being 
made.  Hut  normally,  they  are  expressed  in  terms  of 

standard  dry-specimen  conditions  at  70  F  —  2  and 
65  per  cent  —  one  per  cent  relative  humidity.  The 
proper  grip  or  clnmp  in  as  important  us  the  tensile- 
testing  instrument.  If  the  specimen  is  not  held  cor¬ 
rectly,  errors  will  result.  A  specimen  undergoing  a 
tensile  test  must  have  the  load  applied  uniformly 
across  the  specimen,  or  a  tearing  action  will  result, 
regardless  of  the  type  of  instrument  used. 

1.3. 5.3  High-Speed  Impart  Loading.  Failure  of 


Fig.  11-22  Schematic  IHagram  of  Impact-Testing 
Machine. 


suspension  lines  of  parachutes  deployed  at  high  speeds 
have  occurred  under  total  loud  conditions  which  were 
Irss  than  50  per  cent  of  the  total  rated  strength  of  the 
lines.  And  failures  have  resulted  in  the  investigation 
of  the  properties  and  behuviors  of  textile  materials 
under  impact  louding.  Impact  testing  at  high  rates  of 
loading  differs  from  static  testing  primarily  in  the 
emphasis  on  the  phenomenon  of  stress-wave  propaga¬ 
tion  in  both  the  test  specimen  and  the  attachments.  In 
static  testing,  the  force  applied  to  extend  the  speci¬ 
men  is  uniform  throughout  the  entire  length  of  the  test 
piece.  At  impact  velocities  there  is  a  non-uniform 
change  in  load  along  the  test  specimen,  which  is  a 
consequence  of  the  stress  wave,  i.e.,  the  applied 
forte  on  one  end  of  the  specimen  is  not  instantly 
measurable  at  the  restrained  or  clamped  end. 

In  textile  material,  this  stress  wave-phenomenon 
manifests  itself  at  impact  velocities  in  excess  of 
100  fps.  The  resistance  offered  by  the  internal  iner¬ 
tia  of  the  lest  specimen  to  an  applied  impact  produces 
stress  waves  which  are  reflected  from  end  to  end  until 
the  breaking  stress  of  the  specimen  is  reached.  In 
order  to  collect  data  such  as  breaking  strength,  curves 
for  elongation  by  load  versus  time,  times  to  rupture, 
impuct  velocities,  and  rupture  energies  for  webbings 
ami  for  various  seams,  splices,  and  joints  fabricated 
from  webbings  subjected  to  conditions  of  high-rate 
loading,  an  impact  test  machine  was  developed  (Ref 
(11-9)).  This  machine  has  the  capability  of  rupturing 
specimens  with  static  strengths  up  to  10,000  lb  at 
impact  velocities  ranging  from  200  to  750  fps.  Neces¬ 
sary  instrumentation  for  determining  required  data 
parameters  is  available.  The  impart  lest  machine  is 
schematically  shown  in  Fig.  11-22.  A  gas  gun  propels 
a  small  specially  designed  imparting  missile  (weights 
range  from  1/2  lb  to  10  lb)  at  a  desired  velocity  and 
with  sufficient  energy  to  rupture  the  test  specimen 
mounted  on  pendulum  No.  1.  This  first  pendulum  is 
used  primarily  as  a  low-frequency  specimen-mounting 
device.  However,  if  its  mass  is  known  and  its  dis¬ 
placement  after  impart  is  measured,  the  velocity  and 
energy  of  the  missile  can  be  calculated.  The  missile 
ruptures  the  test  specimen,  at  the  apex  of  the  V.shaped 
configuration  and  continues  on,  lodging  itself  in  pen¬ 
dulum  No.  2.  This  pendulum  permits  calculation  of 
missile  velocity  and  residual  energy  after  rapturing 
the  test  specimen  and  ale?  serves  as  a  low-frequency 
shock  mount  for  stopping  and  containing  the  missile. 
The  multi-flash  light  source  aids  the  camera  in  re¬ 
cording  impact  data.  Results  from  tests  conducted 
with  various  webbings,  and  seam  and  joint  configura¬ 
tions  are  presented  in  Ref  (11-10), 

1.3. 5. 4  Tear  Resistance.  Tear  resistance  is 
considered  an  essential  characteristic  of  parachute 
textile  fabric  and  is  a  physical  requirement  outlined 
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Adjustable  spring-loaded  brulr -shoes,  mounted  inter¬ 
nally  in  the  trolley,  brake  the  trolley  travel  on  the 
horizontal  dual  rail  section. 

The  normal  drop  zone  or  impact  area  ia  50  ft  wide 
and  100  ft  long.  It  has  a  6-in.  surface  of  aand  spread 
over  a  basic  bed  of  crushed  rock.  The  total  available 
zone  is  divided  into  three  distinct  areas.  The  areas  and 
their  use  are:  (1)  a  25  ft  by  25  ft  concrete  pad,  that 
is  used  primarily  for  loading  and  rigging  of  test  vehicles 
and  for  vertical  drop-testing  on  concrete  surfaces; 
(2)  a  20  ft  by  20  ft  “sandbox”  for  vertical  drop-test¬ 
ing  on  a  sandy  surface  or,  if  necessary,  any  other  soil 
condition  that  may  be  required;  and  (3)  the  normal 
impact  urea,  which  is  used  for  all  teats  when  testing 
under  combined  horizontal  and  vertical  velocitiea  at 
ground  impact  ia  required. 

The  Inclined  Test  Facility  is  instrumented  so  that 
such  data  as  test-load  impact-velocities,  gravitational 
forces,  pressure  forces,  stress  forces,  and  general 
performance  of  the  test  items  at  ground  impact  may  be 
accurately  measured  and  recorded.  Data  recording  and 
facility  operation  are  controlled  from  the  Facility 
Control  House,  the  necessary  equipment  being  located 
there.  Overall  operation  of  the  facility  during  a  test 
is  controlled  by  a  rotating  sequencing  drum. 

Two  16-channel  Century  Static  and  Dynamic  Strain 
Recording  Systems  record  impact-test  dats  obtained 
from  sensing  elements  placed  on  board  the  teat  item. 
Additional  data  from  testa  ia  obtained  by  high-  and 
low-speed  motion-picture  cameras  and  by  sequenced 
still-cameras  located  in  the  test  impact  urea.  The 
combined  data  (from  oacillograph  tracings  and  movie 
film)  give  a  complete  history  of  an  impact  sequence 
during  a  drop  test. 

The  Facility  is  designed  to  provide  a  means  for 
drop-tenting  parachute-retarded  equipment  under  close¬ 
ly  controlled  conditions.  Velocities  of  parachute-de¬ 
livered  equipment  at  ground  contact  are  closely  dup¬ 
licated  at  the  Facility.  It  is  possible  to  simulate  ver- 


Fig.  11-24  Vtigkt-Bomb  Tttt-Vehiclt 


tical  descent  velocities  up  to  40  fps  and  horizontal 
wind-drift  velocities  up  to  60  fps.  Almost  any  condi¬ 
tion  of  deacent  and  drift  may  be  simulated  by  combin¬ 
ing  the  velocity  capabilitiea  available  and  applying 
these  to  a  test  item. 

Many  typea  of  equipment  for  tenting  can  be  accom¬ 
modated,  provided  the  rigged  weight  doea  not  exceed 
25,000  lb.  The  minimum  weight  for  a  test  item  is  ap¬ 
proximately  500  lb  ifteating  under  combined  horizontal 
and  vertical  velocities  is  required.  Ceometric  con¬ 
figurations  of  the  test  load  generally  have  no  bearing 
on  the  Facility's  capability.  However,  test  items  with 
a  physical  length  in  excess  of  35  ft  cannot  be  drop- 
tested  in  the  lateral  or  broadside  direction. 


SEC.  2  TEST-VEHICLES 

2.1  Introduction.  Numerous  test-vehicles  have 
been  developed  and  are  being  utilized  to  test  experi¬ 
mental  deployable  aerodynamic  decelerators  and  de¬ 
ployable  aerodynamic  decelerator  systems  under  velo¬ 
city-altitude  conditions  that  simulate  those  encoun¬ 
tered  in  ultimate  use.  Current  test-vehicles  (see  Table 
11-6)  can  be  grouped  into  three  categories: 

(1)  Gravity-drop  test-vehicles; 

(2)  Rocket-boosted  free-flight  test-vehicles;  and 

(3)  Rocket-sled  test-vehicles. 

21-1  GRAVITY -DROP  TEST-VEMCLES.  (Ref 
(11-11))  Gravity-drop  teat-vehicles  are  test-vehicles 
which  are  released  from  an  aircraft  or  balloon  and 
achieve,  through  free-fall,  the  necessary  test  deploy¬ 
ment  conditions.  These  vehicles  have  bomb-like  or 
similar  ogive -cylinder  configurations.  Fig.  11-24 
shows  a  weight-bomb  test-vehicle  used  for  parachute 
testing  in  the  low  subsonic-speed  range.  Bomb  casings 
ranging  in  weight  from  500  to  4,000  lb  have  been 
modified  by  welding  a  flat  steel  plate  to  them.  The 
piste  distributes  the  load  and  facilitates  the  handling 
of  the  test  vehicle.  A  bomb-to-parachute  adaptor  plate 
is  attached  to  the  end  of  the  bomb  casing  with  maxi¬ 
mum  allowable  design  forces  as  indicated  in  Table 
11-6.  This  class  of  test  vehicles  provides  a  test 
weight-range  of  200  to  10,000  lb.  There  are  no  para¬ 
chute  compartments  attached  to  the  lest  vehicle. 
The  parachute  is  tied  to  the  bomb  as  shown  in  Fig. 
11-24.  The  usual  carrying  aircraft  is  a  cargo  type 
with  a  rear  door,  the  C-130  being  utilized  most  ex¬ 
tensively.  This  particular  test-vehicle  is  principally 
used  for  rate  of  descent  tents.  A  300-ft  drop-line, 
attached  to  the  nose  of  the  vehicle,  is  released  by  a 
timed  cutter  to  determine  rate  of  descent  of  the  test 
vehicle  and  deployed  parachute.  Another  class  of  test 
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TAHLK  11-6  RKCOVKRY-SYSTKMJ 


Basic 

Slnirlnrr 


Weight  Range 

_ Lib) _ 


Mia 


Max 


Max 

'V' 

Load 


Max 
Speed 
(Knots  or 
Mach  No.) 


Diameter 

<>•>.  ) 


Volume  of 
Parachute 
Comportment 
(cu  ft) 


Maximum  Sizi 
Type  of  Para 


Weight-Bomb  Teat-Vehicles 


General  Purpose  aud  Light  Case 


GP  500 
GP  1000 
GP  2000 
LC  4000 


200 


500 


2500 


4000 


1000 


3000 


5000 


10000 


15 


10 


150 


150 


150 


150 


14 


18-1/2 


23 


35 


None 


None 


None 


None 


Not  applicab 
Not  applicabl 
Not  applicabl 
Not  applicabl 


Cylindrical  Test  Vehicles 


c 


General  Parpose  and  Light  Case 


cn 


GP  500 


GP  1000 


CP  2000 


LC  4000 


T-10 


T-10 


400 


650 


1500 


4000 


7000 


750 


2400 


4000 


10000 


36000 


20 


20 


15 


10 


500 


500 


500 


500 


14 


18-1/2 


23 


35 


B-47 

290B-66 

570 


37-1/2 


3.85 


9  32 


17.75 


53.30 


Approx 

60.00 


Trsnsonic  Test  Vehicles 

<=ZZD=S 


Math  83 


< 


3 


Mari  83 


1'ran  sonic 

III 


800 


2000 


1500 


6000 


Transonic  III 


25 


1st 

Stage 

10 

2nd 

Stage 

17 


1.1  M 


1.0  M 


14 


24-1/2 


2.30 


1st  Stage 

7.0 

2nd  Stage 
2.5 


1  T-10  (35-ft 


1  67-ft  extend 


1  G-11A  (100- 


3  24-ft  beavy-i 
1  G-11A  and  1 


3  C-11A 


1  16-ft  ribbon 


1st  stnge; 

1  9-ft  ribbon 
2nd  stage; 

1  36-ft  ribbc 


TAIII ,K  11-6  RKCOVK.KY-SYSTKMS  TKST-VKIIICLK  CHART 


Max 
Speed 
(Knots  or 
<ach  No.) 

Diameter 

(in.) 

Volume  of 
Parachute 
Compartment 
(cu  ft) 

Maximum  Size,  Quantity,  and 

Type  of  Parachutes  Used  to  Date 

Parachute 

Attachment 

Methods  of 
Deployment 

Instrumen¬ 

tation 

Suspen¬ 
sion  Lug 
Spacing 
(in.) 

No.  Avail¬ 
able  for 
Immediate 
Testing 

150 

14 

None 

Not  applicable 

Adapter  ring 

Static  line 

Tensiometer 
or  dropline 

Not 

applicable 

5 

150 

18-1/2 

None 

Not  applicable 

Adapter  ring 

Static  line 

Tensiometer 
or  dropline 

Not 

applicable 

9 

150 

23 

None 

Not  applicable 

Adapter  ring 

Static  line 

Tensiometer 
or  dropline 

Not 

applicable 

3 

150 

35 

None 

Not  applicable 

Adapter  ring 

Static  line 

Tensiometer 
or  dropline 

Not 

applicable 

1 

500 

14 

3.85 

1  T-10  (35-ft  flat  circular) 

Premature 

release 

Static  line 
or  T-2  ejec. 

Tensiometer 
or  telemeter- 

14 

7 

gun 

•BS 

500 

18-1/2 

9.32 

1  67-ft  extended  skirt  or  3  T-10 

Premature 

release 

Static  line 
or  T-2  ejec. 

Tensiometer 
or  telemeter- 

14 

7 

gun 

'“B 

23 

17.75 

1  G-11A  UOO-ft  flat  circular) 

Premature 

release 

Static  line 
or  T-2  ejec. 

Tenaiometer 
or  telemeter- 

30 

9 

gun 

*»B 

35 

53.30 

3  24-ft  heavy-duty  ribbon  or 

1  C-11A  and  1  22-ft  ring  slot 

Premature 

release 

Static  line 
or  T-2  ejec. 

Tensiometer 
or  telemeter- 

30 

1 

gun 

ing 

B-47 

K)  B-66 
570 

374/2 

_ 

Approx 

60.00 

3G-11A 

Premature 

release 

Static  line 
or  T-2  ej  ec. 
gun 

Telemetering 

30 

or  sling 

2 

1.1  M 

14 

2.30 

1  16-ft  ribbon 

Premature 

release 

T-2  Ejection 
Gun 

Tensiometer 

14 

0 

1.0  M 

24-1/2 

1st  Stage 
7.0 

2nd  Stage 
2.5 

1st  stage: 

1  9-ft  ribbon 

2nd  stage: 

1  36-ft  ribbon 

Premature 

release 

Internal 

programming 

timer 

Telemetering 

30 

3* 

TABI,F,  11-6  (Co 


llu;  it 

Weight  1 
(lb 

lange 

) 

Max 

Max 

Speed 

Diameter 

Volume  of 
Parachute 

Maximum  Size,  Qua. 

Structure 

Min 

Max 

*V’ 

I  ,oa.l 

(KnotB  or 
Much  No.) 

(in.) 

Compartment 
(cu  ft) 

Type  of  Parachutes 

. 

Supersonic  Test  Vehicles 

docket- Boosted  Bomb 

Rocket 

Boosted 

bomb 

2250** 

2350** 

10 

1.5  M 

Aft  end 
22.2x32.4 
Forward 
section 

14 

Test 

1st  stage: 

1  4.5-ft  ribbon 

2nd  stage: 

1  7.3-ft  ribbon 

, 

Recovery 

Forward  section: 

1  16-ft  ribbon 

Aft  section: 

1  40- ft  conical 

Cree  Missle 

Cree 
missile 
(composed 
of  3  mis¬ 
siles) 

I 

2390" 

2350** 

60 

2.0  M 

Booster: 

12 

Missile: 

9 

Test: 

1  6.26-ft  ribbon,  1  ‘ 
and  1  2.02-ft  ribbon 

Recovei 

3  8- ft  ribbon  (one  e 

-cmr=^ 

Supersonic  II 

Supersonic 

II* 

2200** 

3200** 

Test 

30 

Recov 

60 

2.0  M 

18 

Test:  1.0 

Test  Recov: 
1.0 

Recovery 

3.0 

To  be  determined  i 

- 

Supersonic  III 

Supersonic 

III*** 

1^ 

6000  | 

! 

25 

1 

3.0  M 

25  | 

Test:  4.0 
Recovery 
3.4.5 

Test 

Test  parachute 

Recovei 

i 

1st  stage:  1  11-ft 
2nd  stage:  2  38-ft 

*  These  vehicles  are  undergoing  acceptance  tests. 

**  The  weight  indicated  is  total  launch  weight. 

***  Supersonic  111  lest  vehicle  is  in  the  preliminary  design  stage. 
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Max 
Speed 
(Knots  or 
Mach  No.) 

Diameter 

(in.) 

Volume  of 
Purachute 
Compartment 
(cu  ft) 

Maximum  Size,  Quantity,  and 

Type  of  Parachutes  Used  to  Bute 

Parachute 

Attachment 

Methods  of 
Deployment 

Instrumen¬ 

tation 

Suspen¬ 
sion  |,ug 
Spacing 
(in.) 

No.  Avail¬ 
able  for 
immediate 

Testing 

1.5  M 

Aft  end 
22.2x32.4 
Forward 
section 

14 

Test 

1st  stage: 

1  4.5-ft  ribbon 

2nd  stage: 

1  7.3-ft  ribbon 

Recovery 

Forward  section: 

1  16-ft  ribbon 

Aft  section: 

1  40-ft  conical 

Premature 

release 

Internal 

programming 

timer 

Telemetering 

14 

0 

2.0  M 

Booster: 

12 

Missile: 

9 

Test: 

1  6.26-ft  ribbon,  1  4. 12-ft  ribbon, 
anJ  1  2.02-ft  ribbon 

Recovery: 

3  8-ft  ribbon  (one  each  missile) 

Premature 

release 

Internal 

programming 

timer 

Telemetering 

30 

0 

2.0  M 

18 

Test:  1.0 

Test  Hecov: 
1.0 

Recovery 

3.0 

To  be  determined  at  a  later  date. 

Internal 

programming 

timer 

Telemetering 

30 

2* 

3.0  M 

25 

Test:  4.0 
Recovery 
3-4.5 

lent 

Teat  parachute 

Recovery: 

1st  stage:  1  1 1  -ft  ring  slot 

2nd  stage:  2  38-ft  ring  slot 

internal 

programming 

timer 

_ 

Telemetering 

30 

0 

ceptance  tests, 
ch  weight. 

le  preliminary  design  stage. 


h'ig.  11-25  Cylindrical  Test-Vehicle 


vehicles,  the  so-called  “cylindrical”  type,  in  the 
weight  range  of  400  to  36,000  lb,  is  utilised  for  para¬ 
chute  testing  in  the  medium- subsonic-speed  range. 
I, ike  the  weight-bomb  tent-vehicles,  the  cylindrical 
tent-vehicles  are  made  by  modifying  bomb-casings. 
A  bomb  plate  assembly  in  atlsched  to  the  end  of  the 
bomb  (Fig.  11-25)  with  maximum  allowable  design 
forces  as  indicated  inTable  11-6.  A  premature  release, 
which  is  n  device  providing  an  automatic  release  of 
the  parachute  system  from  the  test  vehicle  in  the  event 
of  a  premature  parachute  release,  is  made  a  part  of 
the  parachute  bomb  plate-assembly.  This  protects  the 
carrier  aircraft  from  drag  loads  and  is  required  when¬ 
ever  the  tent  vehicle  is  carried  on  externally  mounted 
bomb-suspension  equipment.  An  open-end  cylindrical 
container  is  attached  to  the  aft  part  of  the  bomb  cos¬ 
ing  to  house  the  instrumentation  and  the  main  recov¬ 
ery-parachutes.  The  instrumentation  which  can  be 
used  in  the  cylindrical  test-vehicle  includes  a  choice 
of  cmnera  equipment,  tensiometers,  and  telemetry 
equipment  to  sense  and  record  opening-forces,  indi¬ 
cated  air-speed,  dynamic  pressure,  altitude,  and  time 
sequence  of  the  recovery.  With  the  cylindrical  test- 
vehicle,  deployment  can  be  initiated  by  either  static¬ 
line  or  explosive  charges.  The  parachute  container 
is  closed  with  a  canvas  cover  in  the  case  of  static¬ 
line  deployment  and  with  a  plywood  cover  in  the  case 
of  deployment  initiated  by  the  T-2  ejection  gun.  The 
ejection  of  the  parachute-container  cover  can  also  be 
initiated  by  starting  two  timers  simultaneously  at  the 
instant  of  release  from  the  aircraft.  At  a  preset  time, 
these  timers  close  an  electrical  circuit  to  fire  squibs 
in  the  specially  designed  gun-chamber.  When  telemetry 
is  employed  in  a  cylindrical  test-vehicle,  an  antenna 


is  attached  to  the  bomb  and  provision  is  made  for 
housing  a  power  source  (batteries)  and  the  telemetry 
equipment. 

The  final  class  of  vehicles  which  are  still  appli¬ 
cable  to  the  gravity-drop  category  are  the  Mark  83 
and  Transonic  Ill  test-vehicles.  These  vehicles  are 
capable  of  attaining  speeds  of  Mach  1.0  during  free- 
fall.  The  Mark  83  test  vehicle  is  essentially  a  Mark  83 
bomb-casing  with  modifications  similar  to  those  of 
the  cylindrical  test-vehicles.  This  vehicle  is  used 
mostly  for  testing  single-stage  parachutes. 

The  Transonic  III  test-vehicle  (Fig.  11-26)  is  a 
double-stage  parachute-test  vehicle  which  has  an 
ejectaltle  test-parachute  compartment  held  in  place 
by  four  latches,  which  are  released  on  command  of 
the  control  system  to  jettison  the  test  parachute  and 
compartment  and  to  deploy  the  vehicle-recovery  para¬ 
chute.  This  test-vehicle  is  designed  for  maximum 
parachute  loads  of  approximately  60,000  lb.  The 
vehicle  is  24.5  in.  in  diameter,  and  is  approximately 
175  in.  long  with  the  landing  spike  retracted.  The 
landing  spike  can  be  extended  to  a  maximum  of  50 
in.  The  gross  weight  of  the  vehicle  without  parachute 
can  be  adjusted  from  2000  to  6000  lb  in  increments  of 
approximately  100  lb.  Four  removable  fins,  each  12 
in.  high,  are  provided  for  aerodynamic  stability.  With 
the  fins  attached,  the  vertical  height  of  the  vehicle 
is  approximately  34.2  in.  and  the  fin  span  is  48.5  in. 
The  vehicle  is  designed  for  suspension  from  30-in. 
Air  Force  S-4  bomb  shackles. 

2.1.2  ROCKET-BOOSTED  FREE-FUGHT  TEST 
VEHICLES.  Free-flight  testing  of  deployable  aero¬ 
dynamic  decelerators  at  speeds  greater  than  transonic 
has  necessitated  a  departure  from  the  gravity-drop 
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Hr-  ll-2b  Transonic  1  chicle.  Type  III 


tc«.t  method.  Test  missiles  were  developed  that  could 
be  powered  by  means  of  rocket  boosters  to  the  desired 
test  velocities  and  altitudes.  One  such  test- vehicle, 
specifically  designed  for  testing  the  parachutes  for 
the  0-4  supersonic  drone,  is  the  rocket-boosted  bomb 
(see  big.  11-27).  The  vehicle  was  made  by  uaing  the 
nose  section  of  a  Mark  83  bomb  casing  and  attaching 
a  nose  spike  and  a  tail  can  with  an  elliptical  cross- 
section.  The  nose  spike  houses  the  pitot  static  tube 
and  telemetering  antenna.  The  nose  section  contains 
the  ballast  weights  and  the  noae-recovery  parachute 
(a  16-ft  ribbon-type  canopy).  The  tail  section  contains 
the  telemetry  package,  timers,  a  conical  40-ft  ribbon 
recovery  parachute,  a  GSAP  camera,  two  teat  para¬ 
chutes,  and  two  rocket  boosters  (11,000  lb  thrust  for 
sec).  This  lest  missile  is  launched  from  aircraft. 


Many  other  aircraft-launched  parachute  test-mis¬ 
siles  have  been  used  in  recent  years.  The  most  suc¬ 
cessful  of  these  is  the  Cree  missile  (Ref  (11-12)). 
Dus  vehicle  is  a  very  versatile  unit  capable  of  at¬ 
taining  a  wide  range  of  test  conditions  due  to  its 
adaptability  to  launching  from  aircraft,  balloon,  and 
the  ground.  The  C.rce  test  missile  has  three  configura¬ 
tions  of  170,200,  and  800  lb.  These  three  missiles  are 
employed  for  the  purpose  of  testing  deployable  aero¬ 
dynamic  decelerators  under  drag  loadings  of  10  through 
150  psf  under  conditions  of  speeds  and  altitudes  in¬ 
dicated  in  Table  11-7.  The  three  missiles  have  basic 
instrumentation  and  recovery  sections  which  are  iden¬ 
tical.  The  only  difference  in  the  three  missiles  is 
the  nose  ballast-section  which  is  varied  to  achieve 
the  individual  weight  requirements.  Because  the  indi- 


Fig.  11-27  Rocket-Boosted  Bomb 
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viduul  misnilpj*  are  identical  m  operation  and  con¬ 
struction,  provi»ionn  have  l>rrn  made  to  allow  the 
units  to  be  nanrmblrd  into  a  cluster  of  three  (see 
Fig.  11-28).  This  clustering  of  the  missiles  results 
in  economy  in  tenting. 

TABLE  11-7  PERFORMANCE  REGIMES. 

CREE  MISSILE 


Mach  No. 

Altitudes  x  1000  ft 

0.5 

1 5  to  30 

0.75 

15  to  30 

1.5 

15  to  30 

30  to  70 

70  to  100 

2.0 

15  to  30 

30  to  70 

70  to  100 

The  Cree  missile  has  a  parachute  compartment  8  in. 
in  diameter  and  13  in.  long.  Each  Cree  misaile  has  a 
complete  four-channel  telemetry  system  to  record  and 
transmit  data.  The  data  collected  and  transmitted 
consists  of  ram  or  total  pressure,  static  pressure,  drag 
force,  and  shock  force.  A  high-speed  camera  photo¬ 
graphs  the  test  decelerator  during  and  after  deployment. 


I'iming  marks  are  impressed  upon  both  the  photographic 
film  and  one  of  the  telemetry  channels,  so  that  proper 
correlation  of  data  is  possible.  Several  higher-per¬ 
formance  test  missilesare  currently  under  development. 
These  are  the  Supersonic  II  (Fig.  11-29),  the  Super¬ 
sonic  III  (Fig.  11-30),  and  the  Arapaho  test  vehicles. 
The  first  two  vehicles  are  being  developed  under  the 
guidance  of  the  AFFTC,  6511th  Test  Group  (Para¬ 
chute),  Auxiliary  Landing  Field,  El  Centro,  Calif. 

The  Supersonic  II  is  designed  to  provide  the  capa¬ 
bility  of  testing  two-stage  deceleration  parachute 
systems  up  to  Mach  2.0  at  40,000-ft  altitude  with  a 
test  weif^it  of  2000  |b.  The  vehicle  is  18  in.  in  dia¬ 
meter  and  25  ft  3-1/2  in.  long  in  its  largest  configura¬ 
tion  (with  booster  and  long  nose-spike  installed).  It 
contains  two  test-parachute  compartments,  each  with 
u  volume  of  1  cu  ft,  and  a  3-cu-ft  compartment  for  a 
missile-recovery  parachute.  A  single-point  strain-gage 
link  attachment,  capable  of  60.000-lb  working  load,  is 
provided  for  the  two  test  parachutes.  Forces,  speeds, 
altitudes,  dynamic  pressures,  and  event  times  are 
telemetered.  Two  GSAP  movie  cameras  are  provided 
to  photograph  the  parachute  functions.  The  vehicle  is 
built  to  fit  the  adapter  of  a  number  of  standard  rocket 
boosters.  This  permits  programming  tents  for  different 
test  conditions.  The  Nike  booster  is  used  to  obtain 
performance  characteristics  undermaximum  conditions. 
Lacrosse  or  Regains  boosters  are  used  to  obtain  per¬ 
formance  at  lower  speeds,  altitudes,  and  weights.  In 
a  boosted  test,  the  vehicle  is  dropped  from  the  modi- 
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Fif(.  11-30  Supersonic  Vehicle,  Type  III 


fied  wing-pylon  of  a  li-66  aircraft.  'Hie  booster  ac¬ 
celerates  the  vehicle  to  the  speed  and  altitude  required 
by  the  test.  At  booster  burnout,  a  frangible  mating-ring 
is  broken  by  Primacord  detonation  and  the  booster 
separates.  The  first  test  parachute  is  deployed  by  a 
blast  bag.  After  a  pre-determined  operating  time,  the 
first  test  parachtue  is  freed  and  the  second  test  para¬ 
chute  in  deployed  by  another  blast  bag.  At  the  end  of 
the  teat  flight,  the  oft  section,  which  houses  the  test- 
parachute  compartments  and  cameras,  is  separated 
from  the  nose  section  by  breaking  the  mating  ring  with 
Primacord  detonation  and  is  recovered  by  the  second- 
stage  test-parachute.  The  nose  section,  containing 
telemetry  equipment,  ballast,  and  programming  equip¬ 
ment,  is  decelerated  by  the  recovery  parachute  and 
impacts  on  the  landing  spike. 

The  Supersonic  III  is  currently  in  the  design  stage. 
Studies  of  feasible  designs  will  consider  ground  launch 
as  well  as  air  launch  of  the  test-vehicle.  Briefly,  the 
system  requirements  are: 

(a)  To  test  under  the  following  test  conditions: 

(1)  Velocity  between  Mach  1.5  and  3.0; 

(2)  Altitude  range  from  5,000  to  80,000  ft;  and 

(3)  Test  weights  of  2000  to  5000  lb  in  100-lb 
increments. 

(b)  To  have  a  flow  disturbance  no  greater  than  that 
resulting  from  a  body  with  an  effective  cross-sectional 


area  of  500  sq  in. 

(c)  To  record  drcelerator  characteristics  and  forces 
by  means  of  photographic  and  electronic  equipment. 

(d)  To  recover  the  vehicle  for  re-use,  by  a  para¬ 
chute  recovery-system. 

(e)  To  sustain  working  loads  of  125,000  lb. 

The  acceleration  of  the  Supersonic  III  test  vehicle 
to  the  desired  speed  and  altitude  from  launch  is  ac¬ 
complished  by  a  series  or  cluster  of  boosters.  The 
boosters  planned  for  use  are  the  Terrier  and  Javelin. 
The  parachute  compartment,  4  cu  ft  in  volume,  is  the 
aft  end  of  the  vehicle.  Three  compartments  of  4.5  cufl 
each  are  located  symmetrically  around  the  fuselage 
for  recovery  systems  or  other  systems  as  desired.  TTie 
instrumentation  section,  programmer  section,  and  bal¬ 
last  compartment  are  located  in  the  forward  portion 
of  the  vehicle.  The  vehicle  is  equipped  with  a  45-ia. 
combined  impact-spike  and  antenna.  The  cameras  are 
mounted  on  the  tips  of  the  stabilizing  fins. 

A  supersonic-hypersonic  test-vehicle,  the  Arapaho, 
is  presently  being  studied  by  Aeronautical  Systems 
Division,  W-PAFB,  Ohio  (Ref  (11-1)).  The  Arapaho 
test-vehicles  ore  intended  to  permit  testing  decelera¬ 
tion  devices  over  a  range  of  drag-loadings  at  various 
altitude-velocity  test-points.  The  required  drag  loading 
and  the  wide  altitude-velocity  range  for  specified 
test-vehicle  weights  are  shown  in  Table  114).  The 
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TABLE  1 1-«  DKSI  It  ED  TEST-C  A I  ’  A  HI  I  J'I’Y  REQUIREMENTS 


Capability 

Weight, 

lb 

Diameter, 

in. 

Velocity, 
Mach  No. 

Comparable 

Altitude 

Range,  x  1000  ft 

Anticipated 
Test  Drag 
Loading, 
W/CnA,  psf 

A 

2000 

12  min 

Transonic 

2  to  5 

100  min 

to  3.0 

B 

250 

1.5  to 

500 

12  max 

40  to  200 

10  to  200 

MOO 

5.0 

C 

250 

12  max 

5.0  to  10.0 

80  to  250 

1.0  to  10 

daia-acquisition  system  to  be  incorporated  in  tbe 
Arapabo  will  consist  of  a  telemetry  system  capable 
of  sensing,  converting,  and  transmitting  each  perfor¬ 
mance  data  as  shock  force,  drag  force,  teat-vehicle 
acceleration,  ram  pressure,  static  pressure,  atmospheric 
temperature,  dynamic  pressure,  and  timing  marks.  For 
Test  Capability  C,  a  backup  on-board  tape  recorder, 
on  wh  ich  all  sensed  data  are  stored  for  subsequent 
recovery  and  playback,  or  a  delayed-teleroelry  capa¬ 
bility,  may  be  required  in  the  test-vehicle,  in  addition 
to  the  telemetry  system,  two  cameras  will  be  used  with 
the  test  vehicle.  All  instrumentation  should  be  capable 
of  withstanding  a  force  of  100  g’a. 

Tbe  vehicle  for  Test  Capability  A  has  a  test-item 
compartment  with  a  volume  of  at  least  5  cu  ft,  and  the 
vehicle  for  Test  Capabilities  II  and  C  has  a  tent-item 
compartment  of  at  least  1-1/2  cu  ft. 

Hie  Arapaho  test  vehicle  will  be  ground  launched 
from  existing  teat  cites,  using  standard  booster  rockets. 

2.1.3  ROCKET-SLED  TEST-VEHICLES.  Two 
different  types  of  racket-powered  sled  test-vehicles 
are  presently  being  used  for  the  testing  of  deployable 
aerodynamic  deceleration  devices  and  systems. 

2.1. 3.1  Solid-Fuel  Rocket-Sleds.  Fig.  11-31 
showa  the  configuration  and  dimensions  of  the  Toma¬ 
hawk  low-oupersonic-speed  test-sled.  This  sled  is 
powered  by  eight  JATO  units,  each  having  11,000-lb 
thrust  for  2.2  sec,  for  a  maximum  (total)  thrust  of 
88,000  lb.  This  is  sufficient  to  develop  s  final  velo¬ 
city  of  Mach  1.2.  With  the  addition  of  a  first-stage 
pusher,  containing  14  additional  boosters,  it  is  pos¬ 
sible  for  the  sled  to  attain  a  maximum  velocity  of 
Mach  1.65.  The  vehicle  weighs  approximately  3,300  lb 
and  is  structurally  strong  enough  to  withstand  para¬ 
chute  loads  up  to  100,000  lb.  The  Tomahawk  sled 
supports  the  test  item  to  be  tested  approximately 
10-1/2  ft  above  the  level  of  the  track.  Tbe  largest 
dacalarator  that  can  be  tested  without  undue  ground 
interference  is  about  12  ft  in  diameter.  The  Tomahawk 


sled  has  been  operated  on  the  10,000-ft  track  of  the 
Free-Air  Tent  Facility  at  Edwards  Air  Force  Base. 

At  present,  a  sled  test-vehicle  is  being  developed 
that  will  be  able  to  attain  velocities  up  to  Mach  3 
(Fig.  11-32).  It  is  expected  to  be  available  for  test 
runs  on  the  Holloman  Air  Force  Base  35,000-ft  track 
hy  the  summer  of  1963.  The  sled  is  designed  to  use, 
interchangeably,  up  to  five  Nike  or  Genie  solid-pro¬ 
pellant  rocket  motors.  The  maximum  velocity  of  Mach 
3  can  be  obtained  with  the  combination  of  five  Nikea, 
or  with  five  Genie  motors,  in  the  sled,  and  a  first- 
stage  pusher-vehicle  with  13  Genie  motors. 

The  v/eight  of  the  sled,  exclusive  of  rocket  motors, 
is  appro  ximately  2800  lb.  The  test  vehicle  will  be 
-trucutrallv  capable  of  sustaining  loads  applied  at  the 
test-item  attachment-point  of  up  to  200.000  and  15,000 
lb  in  the  longitudinal  and  lateral  directions  -espec- 
lively.  The  test-item  attachment-point  is  approximately 
84  in.  above  the  truck.  A  rectangular  compartment 
with  a  volume  of  2.5  raft  is  provided  for  the  test  item. 

2. 1.3.2  Liquid-Fuel  Rocket  Sled.  Fig.  11-33 
shows  the  overall  dimensions  and  configuration  of 
this  test  vehicle.  The  main  structural  member  of  the 
sled  is  the  high-pressure  tank  for  nitrogen,  which  is 
10  in.  in  diameter.  Box-frame  cross-members  are  welded 
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Fig.  11-31  Tomahawk  Sled  Test-Vehicle 
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f’n.  11-32  Uoch  3  Sled  Test-Vehicle 


to  r ill'll  end  of  the  nitrogen  tank.  I  hr  ulcohol  and  port  between  the  front  of  the  sled  and  the  decelerator 

liquid-oxygen  propellunt  tanks  ure  12  in.  in  diameter,  attachment-point  also  acta  as  an  auxiliary  source  of 

and  ure  uttached  to  either  side  of  the  nitrogen  tank,  high-pressure  nitrogen  for  the  engine-control  system, 

with  fixed  supports  at  the  rear.  The  front  supports  The  sled  is  powered  by  a  gas-pressurized,  liquid-fuel, 

permit  longitudinal  movement  to  accommodate  growth  rocket  motor.  The  fuel  for  this  motor  is  a  mixture  of 

or  shrinkage  of  the  tunks.  The  tubular  diagonal  sup-  75  per  rent  ethyl  alcohol  and  25  per  cent  water.  The 


Fig.  11-33  Liquid-Fuel  Rocket-Propelled  Sled  Test-Vehicle 


oxidizer  in  liquid  oxygen.  A  gaseous  mixtureuf  nitro- 
ttml  helium  is  used  for  pressurizing  the  fuel  system. 
'Hie  thrust  is  adjustable  from  110, 0(H)  to  f>0,(X)0  lb. 
The  muximum  Jurat  ion  at  5<),()00.|b  thrust  in  approxi- 
mutely  4.5  sec.  The  weight  of  thin  sled  is  approxi¬ 
mately  4,000  III,  ami  the  maximum  speed  iittainalile  ia 
approximately  7fi<)  knots.  The  thruat  ehamlier  of  Oil¬ 
engine  ia  of  conventional  design,  with  a  ratio  of  cham¬ 
ber  area  to  throat  area  of  2  to  1  ami  an  expanaiou 
ratio  of  3.6!>  to  1.  The  injector  ia  of  the  triplet  im¬ 
pinging  type.  Ignition  ia  obtained  with  two  integral 
alcohol-oxvgen  igniters  which  are  fired  by  aircrufl 
spark  plugs.  All  vulvea  are  pneumuticully  controlled 
by  750-pai  nitrogen  supplied  through  solenoid-actuated 
valves.  Here,  as  in  the  case  of  the  solid-fuel  rocket 
sled,  separate  slippers  that  ride  on  the  rails  are 
mounted  on  the  enda  of  the  front  and  rear  cross-mem¬ 
bers.  \  compartment  containing  the  parachute  ia 
mounted  on  the  lop  of  the  sled  structure,  providing  u 
deceleratin'  attachment  point  10H  in.  above  the  rails. 
Instrumentation,  consisting  of  a  multi-channel-tape 
recording  system,  is  in  a  separate  compartment  located 
on  the  side  of  the  sled.  Hraking  is  done  with  techniques 
similar  to  those  described  ia  1 . .'4.2. 

2. 1.. A. .A  /Vvt-S'/ei/  / hi/ a  i  ri/uisilion.  The  tlecel- 
erator  sled  test-vehicles  discussed  above  i  arrv  on¬ 
board  instrumentation  consisting  of  load  cells  to  mea¬ 
sure  decelerator  drag-loads,  u  pitot  tube  to  measure 
rum  air-pressure ,  accelerometers  to  measure  axial 
accelerations,  and  high-speed  and  low-speed  cameras 
to  record  behavior  of  tmled  decelerators.  Both  the 
Tomahawk  and  the  liquid-furl  rocket-sled  record  data, 
other  than  photographic,  on  magnetic  tape.  I  he  Much  A 
sled  incorporates  a  telemetry  system  to  sense,  con¬ 
vert,  and  transmit  decelerator  performance  information. 
In  addition,  one  channel  will  be  reserved  to  permit 
multiple-point  measurement  of  temperatures  on  the 
test-decelerator  surface. 

SEC  3  TEST  INSTRUMENTATION 

3.1  Introduction.  The  successful  accomplish¬ 
ment  of  applied  reoearch  and  engineering  development 
in  the  area  of  deployable  aerodynamic  decelerators  re¬ 
quires  specialized  instruments  or  systems  for  acquir¬ 
ing  performance  data.  Since  the  design  of  new  de¬ 
celerators  and  the  improvement  of  existing  ones  is 
largely  dependent  upon  the  knowledge  of  performance 
characteristics  of  different  types  of  conventional  de¬ 
celerators,  the  avuilability  and  utilization  of  accurate 
and  reliable  datn-recording  instruments  or  systems 
cannot  be  overemphasized.  For  a  majority  of  duta- 
gathering  missions,  particularly  during  the  early  ex¬ 


perimental  stages,  or!y  exploratory  information  on 
performance  of  decelerator  or  system  is  required. 
Therefore,  for  this  test  phase,  an  instrument  should 
be  used  which  will  be  economical  but  still  capable  of 
recording  results  with  satisfactory  accuracy,  bor  this 
type  of  dutu-gathering  mission,  an  over-all  accuracy 
of  i  A-H  per  cent  in  data  acquisition  and  reduction  is 
usually  acceptable.  Self-contained  recording  instru¬ 
ments  can  be  placed  in  this  category.  If  a  deployable 
aerodynamic  decelerator  or  system  has  proved  a  cer¬ 
tain  degree  of  reliability  during  the  experimental 
testing  phuse  of  test,  and  more  accurate  or  different 
types  of  performance  duta  are  desired,  multi-channel 
instrumentation  systems  (such  as  telemetry  or  magne¬ 
tic-tape  data-recording  systems)  are  used.  The  choice 
depends  upon  economy  of  test  and  accuracy  of  data 
required.  Accuracy  of  datu  with  a  variance  of  one  to 
two  per  cent  is  obtainable.  During  the  initial  stages 
of  research  and  development  on  aerodynamic  decelera¬ 
tors.  static  test-facilities,  such  as  wind  tunnels,  are 
used  to  a  large  extent.  Here,  various  instrumentation 
systems  are  available  to  measure  and  record  perfor¬ 
mance  characteristics,  and  physical  phenomena  that 
are  required,  with  a  high  degree  of  accuracy.  The 
following  is  a  summation  of  general  information  on 
sensing  elements,  recording  instruments,  and  record¬ 
ing  systems  which  are  commercially  available  and 
which  arc  being  employed  during  data-gathering  mis¬ 
sions  in  the  field  of  uerodynamic  deceleratortechnology. 
No  attempt  is  made  to  furnish  a  complete  listing  of 
all  instruments  that  may  be  used.  Only  those  instru¬ 
ments  are  mentioned,  and  their  performance  charac¬ 
teristics  listed,  that  have  been  developed  especially 
for  applications  in  the  field  of  aerodynamic  decelerator 
technology  or  have  proven  their  suitability  during  a 
large  number  of  aerodynamic  decelerator  tests. 

3  2  Sansing  Elements  (Transducers).  The 

transducer  is  a  device  which  measures  a  physical 
quantity  and  converts  it  into  an  electricol  signal,  it 
is  defined  by  the  Inter-Hango  Instrumentation  Group 
(I'MO)  as  “a  device  which  responds  to  a  phenomenon 
and  produces  a  signal  which  is  a  function  of  one  or 
more  characteristics  of  the  phenomenon”  (Ref  (11-13)). 
Standard  nomenclature  for  transducers  has  not  yet 
been  agreed  upon  by  manufacturers  and  users.  How¬ 
ever,  a  tentative  listing  of  transducer  types  used  in 
aerodynamic  decelerator  technology  has  been  prepared 
in  Table  11-9. 

3.2.1  MKASHRKMF.NT  OF  DISPI.ACKMKNT  AND 
POSITION.  The  more  frequently  used  transducers 
are  those  acted  upon  by  the  measurand  (which  is  a 
generic  term  designating  any  physical  quantity  which 
can  he  measured,  delected,  or  sensed,  or  can  be  con¬ 
trolled  by  using  these  means  to  cause  rectilinear  or 
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Main  Soun 
Transducer 

First  Modifier  (Measured) 

Acceleration 

Angle  of  attack 

Attitude 

Displacement 

Flow 

Force 

Pressure 

Radiant-heat  flux 

Speed 

Strain 

Tempcruture 

Velocity 

Vibration 

Second  Modifier  (Restricts  Measured) 
Absolute 
Angular 
Differential 
Dual 
Gage 
Linear 
Mass 
Surface 
Triaxial 
Volumetric 

Third  Modifier  (Transduction  Principle) 
Klectric  element 
Float 

Force  balance 

Gyro  type 

liunded  strain-gage 

Unbonded  strain-gage 

Capacitance 

Inductance 

Ionization 

Differential  transformer 

Photo-electric 

Piezoelectric 

Potentiometer 

Reluctance 

Resistance 

Thermocouple 

Thermistor 

Variable  frequency 

flange 

As  applicable 

Units 

ft 


rad/aec 

°F 

Ib/min 

inch 

degree 

inch/sec 

rpm 

psi 

(etc) 

angular  displacement  of  one  of  its  integral  parts). 
The  magnitude  of  displacement  corresponding  to  the 
ntaximum  permissible  meaaurand  value  may  be  minute 
or  large.  For  instance,  displacement  of  the  moving 
mass  of  a  force-balanced  accelerometer  is  hardly  dis¬ 
cernible,  yet  a  displacement  must  exist  in  order  to 
obtain  a  signal  proportional  to  acceleration.  Relatively 
targe  displacements  are  encountered  in  pressure  ele¬ 
ments  such  as  the  bellows  and  Bourdon  tube.  Very 
large  displacements  occur  in  transducers  which  are 
used  for  measuring  position.  The  conversion  of  phy¬ 
sical  displacement  to  electrical  signals  may  be  ac¬ 
complished  by  taking  advantage  of  such  effects  as  the 
change  in  elretrical  capacitance  between  two  metal 
plates  due  to  change  in  distunce  between  the  plates; 
the  change  in  electrical  resistance  produced  by  a 
movable  contact,  as  in  the  potentiometer  or  rheostat; 
the  change  in  self-inductance  nr  mutual  inductance 
produced  by  a  movable  magnetic  element;  the  voltage 
produced  by  force  applied  to  a  piezoelectric  crystal; 
and  the  variation  in  electrical  resistance  of  wire  be¬ 
cause  of  mechanical  strain. 

3.2.2  MK.ASUHKMKNT  OF  STRAIN.  In  almost 
all  cases,  strain  is  measured  by  electrical  strain- 
gages.  The  strain  gage  has  importance  as  a  trans¬ 
ducer  for  two  reasons.  First,  it  is  a  basic  transducer 
itself  for  measurements  of  strain.  Second,  numerous 
other  transducers,  notably  the  pressure  transducer  and 
accelerometer,  often  employ  a  strain  gage  as  the 
electrical  pick-off.  Strain  gages  are  applied  to  the 
surface  of  materials  in  order  to  sense  the  strain  of 
the  material.  The  strain  gage  is  sensitive  to  elonga¬ 
tion;  that  is,  the  electrical  properties  change  in  pro¬ 
portion  to  the  elongation  of  the  gage.  Strain  elongation 
is  usually  small  as  long  an  the  applied  stress  does 
not  exceed  the  elastic  limit  for  a  material.  The  most 
common  form  of  strain  gage  consists  of  a  short  length 
of  small-diameter  (approximately  0.001  in.)  wire  of 
high  electrical  resistance.  To  apply  the  gage,  it  can 
be  cemented  to  the  member  to  be  tested;  this  is  a 
bonded  resistance-wire  strain-gage. 

Recently,  the  semiconductor  or  "solid-state”  strain 
gage  has  come  into  being.  This  operates  on  the  same 
piezoelectric  effect  which  applies  to  previous  metal 
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strain-gages:  the  cliungr  in  elrrtriral  resistivity  of  n 
nuUiiul  b'.'iuuHc  of  applied  stress.  Kith  germanium 
umi  m i I i con  semiconductors,  thr  rutin  between  thr 
unit  atruin  and  thr  unit  reHiHtunce  change  cun  hr  up 
to  175  ua  compared  to  2  to  5  for  metallic  wire* 

3.2.3  MKASUHKMKNT  OK  1‘RKSSIIRK.  l  one  iu 
equal  to  the  product  of  pressure  and  the  area  over 
which  pressure  iu  exerted.  In  thr  sensing  und  trans¬ 
ducing  of  pressure  (and  vacuum),  certain  mechanical 
elements  are  usually  used  to  convert  the  applied  force 
into  a  displacement;  however,  the  displacement  is  not 
always  a  linear  function  of  the  force  nr  thr  pressure. 
These  mechanical  elements  ure  often  referred  to  as 
force  continuous-recording  devices.  Those  which  are 
most  commonly  used  for  translating  pressure  into  dis¬ 
placement  are  diaphragms  (flat,  corrugated,  and  cap¬ 
sule),  Hourdon  tubes  (circular,  twisted),  bellows,  and 
straight  tubes,  Force-peak  recording  devices  provide 
a  displacement  as  a  result  of  input  pressure,  and  it  is 
necessary  that  this  be  converted  to  an  electrical  para¬ 
meter  which  can  be  fed  to,  or  sensed  by,  any  elec¬ 
tronic  input  circuitry;  the  methods  of  measuring  dis¬ 
placement  have  been  discussed  in  3.2.1,  above. 

3.2.4  MFASIIRFMF.NT  OK  FLUID  Fl.Ot.  To  mea- 
sure  volumetric  flow  values,  three  basic  types  of 
transducers  are  generally  employed.  These  are  dis¬ 
placement  meters,  velocity  meters,  and  differential- 
pressure  meters.  A  great  variety  of  each  type  exists, 
the  selection  being  dependent  upon  density,  viscosity, 
flow  rale,  and  corrosiveness  of  the  fluid  to  be  mea¬ 
sured.  Meter  flow-range,  pressure  loss,  monitoring 
technique,  size,  accuracy,  reliability,  and  cost  must 
also  be  considered.  A  displacement  meter  is  usually 
in  the  form  of  a  fluid  pump  that  is  run  in  reverse  by  the 
flowing  fluid.  In  velocity  meters,  the  volumetric  flow 
is  inferred  as  being  equal  to  the  velocity  multiplied 
by  the  cross-sectional  area  of  the  flow.  The  moving 
element  is  usually  a  helix,  fan,  or  turbine  rotor.  Dif¬ 
ferential-pressure  meters  consist  either  of  a  probe  or 
s  constriction  in  a  conduit.  There  is  no  limit  to  the 
size  of  these  meters,  and  they  can  handle  corrosive 
fluids  containing  large  amounts  of  suspended  matter. 
A  flowing  fluid  has  a  total  (ram  or  stagnation)  pres¬ 
sure  which  is  the  sum  of  its  static  and  dynamic  pres¬ 
sures.  These  terms  are  often  referred  to  as  total,  sta¬ 
tic,  and  dynamic  (velocity)  head,  respectively,  when 
the  pressure  is  expressed  in  feet  or  inches  of  the 
working  fluid.  Fluid-flow  rate  is  directly  proportional 
of  fluid  velocity  and,  therefore,  to  the  square  root  of 
the  differential  pressure. 

3.2.5  CRITERIA  FOR  TRANSDUCKR  SKLF.CTION. 
The  selection  of  a  specific  transducer  for  a  particular 
application  remains  more  of  an  art  than  a  science  be¬ 


cause  the  choice  between  available  alternatives  near¬ 
ly  always  re^esents  a  compromise  between  desirable 
und  undesirable  characteristics.  A  catulog  of  commer¬ 
cially  uvuiluble  transducers  together  with  their  phy¬ 
sical  und  oprruting  characteristics  is  given  in  Ref 
(11-14).  Although  this  catalog  lists  transducers  for 
telemetering  applications,  the  majority  of  the  trans¬ 
ducers  cun  also  be  employed  in  other  instrumentation 
systems,  such  as  direct  recording  and  magnetic-tape 
data  recording. 

3.3  Stlf-Contoiiwd  Recording  Instruments  (Drop 

Test).  Self-contained  recording  instruments  can 
sense  physical  phenomena,  measure  their  quantities, 
und  mechanically  or  electrically  translate  those  quan¬ 
tities  into  displacements  or  electrical  signals  recorded 
on  a  suitable  medium  versus  a  known  time  base.  In 
the  majority  of  cases,  the  self-contained  recording 
instruments  are  capable  of  sensing  and  recording  only 
one  particular  datum.  These  instruments  are  designed 
to  contain  the  sensing,  translating,  and  data-recording 
components,  as  well  as  sources  of  mechanical  or 
electrical  power  and  other  required  components  within 
a  single  housing. 

3.3.1  MF.ASI1RKMKNT  AND  RKCORDING  OF  Dl- 
RF.CT  FORLKS.  The  knowledge  of  the  magnitude 
and  duration  of  forces  acting  on  an  aerodynamic  de- 
celerator  during  its  deployment  and  during  steady  des¬ 
cent  of  the  decelerator-losd  combination  is  cf  the  ut¬ 
most  value  in  aerodynamic  decelerator  research  and 
development.  An  early  method  of  measuring  and  re¬ 
cording  direct  forces  acting  between  the  aerodynamic 
decelerator  and  the  suspended  load  consisted  of  de¬ 
termining  the  amount  a  small  copper  column  would  be 
compressed  after  being  subjected  to  compression 
forces.  This  compression  could  then  be  evaluated  in 
terms  of  direct  load  in  pounds.  Obviously,  this  mea¬ 
surement  will  only  yield  maximum  force  values,  and 
with  doubtful  accuracy  (particularly  at  the  higher  rates 
of  force  application).  To  evaluate  some  of  the  more 
significant  performance  characteristics  of  aerodynamic 
decelerators,  especially  of  canopies,  a  history  of 
force  versus  time,  covering  at  least  the  time  interval 
equal  to  that  of  the  inflation  or  opening  period  must 
be  obtained.  For  the  quantitative  analysis  of  canopy 
opening,  amechanical  recording-tensiometer  has  proven 
to  be  more  advantageous  than  any  electronic  sensing 
and  recording  device  used.  Two  types  of  tensiometers 
have  been  developed  and  are  being  used  extensively 
during  exploratory  and  experimental  parachute  test- 
programs  . 

3. 3. 1.1  F.mbossing-Siyius  Type.  The  magnitude 
and  duration  of  forces,  as  well  as  a  time  scale,  are 
recorded  on  a  moving  strip  of  polished  aluminum  foil 
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by  embossing  atyli.The  force  stylus  follow*  the  move* 
meat  occurring  when  the  force  transmitted  through  the 
inatrumenl  deforma  the  individual  unita  of  a  column 
radially  tapered  dia'i  apringa.  The  aaaembly  ia  ahown 
in  Fig.  11*34.  The  auapended  load  ia  attached  to  the 
lower  clevia  with  an  appropriate  harneaa,  while  the 
upper  clevia  ia  attached  to  the  parachute  suspension- 
point  or  riaer.  Operation  ia  initiated  by  a  pull-cord. 
The  component  parta  of  the  inatrument  can  be  grouped 
into  four  operating  unita: 

(a)  A  round  aluminum  caaing  to  which  two  cleviaea 
are  attached; 

(b)  A  column  of  ateel  diak  apringa  on  a  pull  rodaup- 
porting  the  force  atylua; 

(c)  Hie  chart  drive  mechaniam,  conaiating  of  the 
recorder  aaaembly  and  the  chart  drum  aaaembly;  and 

(d)  The  time  marker  mechaniam,  conaiating  of  the 
oscillator  and  the  time  marker. 


Fig.  11-34  Embossing-Stylus  Tensiometer 


The  caaing  lor  the  inatrument  ia  made  out  of  round* 
stock  aluminum  capable  of  aupportiag  a  radial  load  of 
18,000  lb.  Hie  upper  and  lower  clevises  are  attacked 
to  the  rawing  and  pull  rod.  Aa  access  window  in  the 
caaing  ia  provided  for  easy  removal  of  the  recording 
unit.  Tensioo  applied  to  the  instrument  ia  true  emitted 
through  the  caning  and  the  pu!l*rod  from  the  cleviaea. 

A  column  of  radially  tapered  ateel  diak  apringa, 
mounted  on  the  pull*rod  ia  housed  ia  the  lower  portion 
of  the  instrument.  When  compreased,  these  apringa 
have  a  nearly  linear  deflection  up  to  maximum  rated 
load.  To  prevent  any  looseneas  in  the  spring  assembly, 
which  would  disturb  the  zero-line,  a  load  ia  pre-im- 
posed  on  the  spring  syatem.  A  bar,  aupportiag  the 
force  stylaa,  is  screwed  in  place  in  a  slot  across  the 
head  of  the  pull  rod.  The  projecting  endn  of  the  bar 
are  used  aa  guides  to  prevent  any  rotation  of  the  pull 
rod  due  to  aa  angular  acceleration  acting  apoa  the 
inatrument.  The  force  stylna  in  mounted  ia  two  can¬ 
tilever  apringa,  which  are  soldered  into  elota  near  the 
end  of  the' bar.  The  stylaa  mast  be  deflected  alightly 
when  the  chart  drum  ia  placed  in  position;  than,  its 
location  ia  important,  aince  the  stylaa  must  always 
act  with  only  a  alight  force  against  the  recording 
medium.  The  natural  frequency  of  thin  force-recording 
system  ia  approximately  700  cpa. 

The  recorder  assembly  consists  of  the  eacapemeat- 
meckanism  and  the  chart-drum  aaaembly.  The  construc¬ 
tion  of  the  escapement  mechaniam  is  more  rigid  aad 
shockproof  than  that  commonly  used  in  spring-powered 
docks.  The  eacapcmeat  ia  atmted  by  the  movement  of 
a  slider  bar,  which  is  actuated  by  a  poll  cord.  Battery 
current  to  the  oscillator  is  connected  by  the  same 
motion.  After  one  complete  tars  of  the  drive  abaft,  the 
escapement  ia  stopped  and  the  battery  current  discon¬ 
nected.  The  edges  of  the  recorder  base  plate  are 
beveled  to  fit  into  the  dovetails  milled  into  the  guide 
plate  of  the  inatrument.  The  moment  of  inertia  of  the 
rotating  system  is  sufficiently  low  when  compared 
with  that  of  the  torque  spring.  This  is  essential  to 
prevent  any  slowing  down  of  the  clock  as  a  result  of 
angular  accelerations  which  might  be  imposed  on  the 
system  externally.  Ihe  chart  drum  ia  designed  to  hold 
the  recording  medium  ia  a  true  cylindrical  shape.  Ihe 
recording  medium  in  a  polished  alamiaam  foil  approxi¬ 
mately  0.003-in.  thick.  It  ia  p re-formed  to  a  cylindrical 
shape  slightly  smaller  in  radios  than  the  drum  surface 
and  firmly  held  in  position  on  the  chart  drum. 

The  function  of  the  oscillator  is  to  interrupt  the 
battery  current  periodically  to  cause  the  time-marker 
to  record  the  desired  time  intervala  on  the  recording 
medium.  The  oscillator  is  of  electromechanical  design 
and  nhould  be  given  particular  attention  to  eannre  that 
it  ia  free  of  inertia  and  acceleration  effects.  The  fre¬ 
quency  of  oscillation  depends  upon  the  moment  of 
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inertia  of  the  two  soft-iron  disks,  euch  mounted  on 
pivot  hearings  to  rotate  uliout  ita  own  axis,  and  the 
value  ol  the  restoring  tortpir  of  the  struight-wire  springs 
connecting  the  two  disks.  The  noinin.il  frequency  of 
the  oscillator  is  20  c|im.  The  tinie-inurker  in  u  Himplr 
solenoid  magnet  carrying  a  pivoted  armoturr.  On  one 
end  of  thin  armature  is  u  spring-loaded  mIvIiin,  The 
time-marker  solenoid  is  connected  in  series  with  the 
oscillator  solenoid.  Thua,  each  oscillation  of  the  os¬ 
cillator  disk  causes  the  time-marker  armature  to  move 
up  and  down.  The  time-murker  sty  lus  is  located  slight¬ 
ly  above  the  force  stylus  inside  the  instrument  case. 
The  force-sensing  system  is  calibrated  by  subjecting 
the  instrument  to  known  forces  Hnd  recording  the 
position  of  the  stylus  on  the  recording  medium.  The 
deflection  of  the  spring  column  when  subjected  to  a 
load  of  1000  |b  is  approximately  0.014  in. 

For  the  purpose  of  evaluating  the  recorded  informa¬ 
tion,  it  is  necessary  to  magnify  the  recorded  trsce.  A 
toolmaker's  microscope  is  satisfactory  to  rvatuate 
individual  force-values.  To  obtain  histories  of  force 
versus  time,  other  conventional  reproducing  devices 
may  be  used. 

Hie  overall  length  of  the  instrument  is  8..r>  in.,  and 
the  diameter  of  the  instrument  case  ia  4  in.  The  weight 
of  the  instrument  is  11.2  lb. 

Advantages  of  this  instrument  are: 

(a)  The  record  of  the  forces  recorded  may  he 
read  even  if  the  recording  medium  is  thr  only- 
item  to  survive  destruction  of  the  instrument 
unharmed;  and 

(b)  Relatively  inexperienced  personnel  may  be 
used  for  installation,  loading,  and  unloading 
of  the  instrument 

Disadvantages  are: 

(a)  The  adjustment  of  the  force  stylus  is  critical, 
to  produce  s  visible  record  and  avoid  goug¬ 
ing;  and 

(b)  The  frequency  response  of  thin  instrument  is 
relatively  low  and,  therefore,  the  application 
of  the  inetruinent  in  limited. 

The  following  types  have  been  developed  and  are 
available: 

Type  I  —  Capacity  7,500  lb.  10  see  recording  time; 
Type  II  -  Capacity  7,500  lb,  20  act  recording  time; 
Type  III  —  Capacity  15,000  lb,  20  see  recording  time. 

This  self-recording  tensiometer  was  developed  by  Kx- 
line  Engineering  Co.,  Tulnn,  Okla..  and  was  assigned 
the  Model  No.  B-194. 

3.3. 1.2  Photographic  Type.  The  magnitude  and 
duration  of  forces,  as  well  as  n  time  scale,  are  record¬ 
ed  on  a  moving  strip  of  35-mm  photo-sensitive  film  by 
means  of  light-beam  recording.  The  assembly  is  shown 
in  Fig.  11-35.  The  use  of  this  instrument  and  the  start¬ 


ing  procedure  of  the  recording  cycle  are  identical  to 
those  described  for  the  previous  instrument.  The  force 
sensing  and  recording  system  operates  as  follows:  An 
unnulsr-diak  spring  is  deflected  slightly  under  load, 
and  this  deflection  causes  an  angular  rotation  of  a 
small  mirror.  The  image  of  an  illuminated  slit  is  focused 
on  a  narrow  apertuie  in  front  of  a  moving  strip  of  photo¬ 
sensitive  film  after  reflection  from  the  rotating  mirror. 
As  this  mirror  rotates,  the  image  is  caused  to  move 
lengthwise  ulong  the  aperture,  so  that  the  developed 
film  shows  the  displacement  of  the  image  os  a  curved 
line.  A  fixed  mirror,  adjacent  to  the  rotating  mirror, 
provides  a  stationary  image  near  one  end  of  the  aper¬ 
ture  and  produces  a  straight  reference-line  on  the  de¬ 
veloped  film.  The  natural  frequency  of  the  force  sens¬ 
ing  and  recording  system  is  approximately  1200  cps. 

The  recorder  assembly  contains  commercially  avail¬ 
able  35-mm  film  and  is  fastened  light-tight  to  the  in¬ 
strument-case  window.  When  the  recorder  is  inserted 
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Fig.  11-35  Photographic  Type  Tensiometer 
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in  the  instrument,  a  gear  on  the  tukcup  reel  of  llie  re¬ 
corder  meshes  with  the  drive  gear  of  the  Hiring  motor 
and  the  instrument  is  ready  for  operation. 

lhe  drive  motor  for  the  recorder  io  a  Neg’ator-type 
spring-motor  of  sufficient  torque  to  pull  the  recording 
medium  past  the  aperture  with  mnatunt  speed  for  u 
minimum  period  of  20  sec.  Hr  cording  time  may  be 
changed  by  adjusting  the  governor  on  the  spring  motor. 

A  small  neon  bulb,  located  near  the  aperture,  is 
caused  to  flash  with  a  constant  frequency  from  a 
vacuum-tube  oscillator.  Kucli  flash  illuminates  the 
aperture.  The  developed  film  then  shown  u  series  of 
lines  across  the  film,  the  diatom  e  between  unv  two 
successive  lines  representing  a  lime  interval  of  .04  sec. 

The  force-sensing  system  is  calibrated  by  aubjrcting 
the  instrument  to  known  forces  and  recording  the  posi¬ 
tion  of  the  deflected  light  brain  in  the  film  strip.  An 
applied  maximum  rated  load  tu  the  force-sensing  sys¬ 
tem  of  the  instrument  corresponds  to  a  light-beam  dr- 
flection  on  the  record  medium  of  approximately  0.7.r>  in. 

I  lie  recording  may  be  reproduced  for  evaluation  bv 
inruns  of  a  photographic  reproduction  device,  which 
prints  the  recorded  traces  and  a  calibration  grid  on  a 
stundard-size  sheet  of  photographic  paper. 

lhe  overall  length  of  the  instrument  is  11  in.,  and 
the  diamrter  of  the  instrument  case  is  4  in.  'lhe  weight 
of  the  instrument  is  11.45  lb. 

Phis  tensiometer  sllows  the  recording  of  forces  of 
very  short  durstion  with  grest  accuracy.  While  it  does 
not  recpiire  highly  skilled  personnel  to  maintsia  the 
instrument,  the  recording  accuracy  that  may  be  ob¬ 
tained  is  substantially  higher  than  that  of  the  emboss¬ 
ing-stylus  tensiometer.  This  instrument  was  also  de¬ 
veloped  by  the  Kxline  Kngineering  Co.,  Tulsa,  Okla., 
and  is  designated  Model  No.  HX-101.  The  following 
types  are  available: 

Type  I  —  Capacity  4,000  lb,  10  see  recording  lime; 

Type  II  —  Capacity  7,500  lb,  10  sec  recording  lime; 

Type  III  —  Capacity  7,500  lb,  20  sec  recording  time; 

Type  IV  — Capacity  15,000  lb,  20  sec  recording  time; 

Type  V  —  Capacity  30,000  lb,  20  sec  recording  time; 

Type  VI  — Capacity  50,000  lb,  20  sec  recording  time. 

3.3.2  MF.ASURF.MFNT  AND  RF, CORDING  OF  GRA¬ 
VITATIONAL  FT)RCF.S.  A  self-recording  accelero¬ 
meter  was  developed  by  Gulton  Mfg.  Co.,  Metuchen, 
N.J.,  for  the  purpose  of  measuring  and  recording  gra¬ 
vitational  forces  during  exploratory  parachute  drop- 
tests.  It  was  developed  for  installation  in  the  center 
of  a  parachute  dummy.  This  self-recording  accelero¬ 
meter  is  designated  Glenite  Tape  Recording  System 
KAT-1.  This  system  has  been  designed  to  permit  the 
instantaneous  recording  of  gravitational  forces  in  mov¬ 
ing  devices  when  neither  wire  nor  radio-signal  connec¬ 
tion  between  transducer  and  recording  system  is  fea¬ 


sible.  The  system  consist  of  two  basic  devices;  a 
self-contained,  self-recording  accelerometer,  which 
provides  u  coded  record  of  acceleration  versus  time 
on  mugnetic  tape,  and  a  playback  unit,  which  can 
drive  conventional  permanent  recording  devices,  such 
as  those  using  a  light-beam  galvanometer.  In  appli¬ 
cation,  the  tape  record  is  made  within  the  accelero¬ 
meter.  This  Is  followed  by  removal  of  the  tape,  which 
is  then  played  back  in  the  play -back  system. 

The  self-recording  accelerometer  consists  of  the 
seismic  transducer,  the  electronic  dreuitry,  and  the 
tape  transport-mechanism.  The  self-recording  ac¬ 
celerometer  provides  n  30-sec  continuous  tape-record 
of  shock  and  acceleration  phenomena.  It  is  packaged 
within  a  housing  4-12  in.  in  diameter  and  3  in.  high, 
and  weighs  3  lb  complete.  'Ibis  accelerometer  can  be 
mounted  in  relatively  inaccessible  locations  iu  mov¬ 
ing  objects.  Tbe  unit  is  completely  self-contained, 
and  only  the  pull  of  a  cord  or  the  action  of  a  contact 
pair  is  necessary  to  start  the  recording  action. 

l  he  seismic  transducer  in  this  instrument  is  a  dif¬ 
ferential  transformer  device  utilizing  a  spring  suspen¬ 
sion.  lhe  undamped  natural  (resonant)  frequency  of 
the  transducer  is  about  500  cps.  fluid  damping  ensures 
flat  frequency-response  from  0  to  300  cps.  The  seismic 
transducer  is  mounted  to  the  inside  of  the  top  piste  of 
the  accelerometer  and  produces  s  carrier-modulated 
output  proportional  to  the  instantaneous  acceleration. 

The  entire  electronic  circuit,  cast  in  resin  for  ex- 
treme  ruggedness,  is  fastened  to  the  inside  of  the 
cover  plate  and  is  transistorized.  A  phase-modulation 
technique  is  employed  and  both  reference  and  iafoms- 
tion  signals  ore  recorded  on  a  single  track  of  tape. 
While  both  are  used  to  decode  the  data  in  the  playback 
system,  the  reference  signal  may  also  be  used  as  a 
timing  signal  on  the  final  playback  record. 

I  "he  tape  transport-mechanism,  electrically  drives 
by  a  self-contained  battery,  is  designed  to  drive  the 
magnetic  tape  at  a  speed  of  15  ips.  This  provides  a 
useful  running  time  of  30  sec,  using  500  in.  of  magnetic 
tape  (1/4  in.  wide).  The  tape  transport-mechanism  is 
normally  supplied  with  a  pull-wire  storting-switch  de¬ 
signed  to  energize  the  complete  accelerometer  with 
10-|b  tension.  Other  starting  devices  may  be  need, 
such  as  relays  or  acceleration  switches. 

A  playback  system  to  process  the  phase-modalsted 
tape-recording  is  icquired  to  obtain  a  signal  contain¬ 
ing  the  required  acceleration-time  characteristics. 
This  unit  consists  of  two  components  mounted  in  a 
single  rack,  approximately  22  x  18  x  28  in.  Tbe  in¬ 
stantaneous  filtered  output  of  the  playback  unit  is  fed 
to  standard  recording  devices,  such  as  those  used  with 
galvanometers,  oscilloscopes,  or  meters,  or  direct- 
writing  recorders. 
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3.4  Recording-Instrument  Systems  (Drop  Test). 

These  instrument  systems  are  until  fur  the  measuring 
and  recording  of  a  number  of  aerodynamic  deceleratnr 
phenomena  versus  a  common  time  bane.  The  instrument 
systems  available  fall  into  two  general  categorien, 
magnetic-tape  data-recording  systems,  and  telemetry 
systems. 

3.4.1  MAGNKTtC-TAPK  DATA-HKCOHIMNG  SYS- 
TKMS.  'ITie  magnetic-tape  data-recording  system 
used  in  aerodynamic  deceleratnr  drop-testing  was  de¬ 
veloped  and  constructed  by  Cook  Research  Labora¬ 
tories,  Morton  Grove,  III.  The  purpose  of  the  data-re- 
cording  system  is  to  take  amplitude-modulated  sig¬ 
nals,  either  alternating  current  or  direct  current,  from 
various  types  of  sensing  elements;  convert  them  into 
frequency-modulated  audio  range  signals  between  3000 
and  4000  epa;  and  record  the  resulting  signals  on  mag¬ 
netic  tape.  The  magnetic-tape  data-recording  system 
provides  a  means  of  recording  simultaneously  the  data 
supplied  by  a  number  of  sensing  elements.  A  fixed 
frequency  of  4000  epa  from  a  reference-frequency  os¬ 
cillator  is  also  recorded  on  one  channel  on  the  mag¬ 
netic  tape  for  the  purpose  of  compensating  for  error 
and  control  of  tape  speed  in  the  play-hack  system.  The 
components  of  the  equipment  generally  consist  of 
sensing  elements,  signal  converters,  a  reference-fre¬ 
quency  oscillator,  a  magnetic-tape  recorder,  and  a 
motor-alternator  power  supply.  Signal  converters  are 
electronic  circuits  used  to  convert  the  signals  ob¬ 
tained  from  various  types  of  sensing  elements  to 
variable  frequencies  within  the  audio  range.  The  audio¬ 
frequency  shift  obtained  is  proportional  to  the  output 
received  from  the  sensing  element. 

3. 4.1.1  Six-Channel  Magnetic-Tape  Recording  Sys¬ 
tem  (Single  Unit).  This  system,  which  is  used  par¬ 
ticularly  for  heavy-cargo  drop-tests,  contains  all  com¬ 
ponents  within  one  unit.  The  overall  dimensions  of 
this  unit  are  24  in.  long,  18  in.  wide,  and  12  in.  high. 
Six  data-channels,  power  supplies,  and  n  reference- 
frequency  channel  are  included  in  thin  system.  A 
24-volt,  d-c  power  source  is  used  to  power  the  elec¬ 
tronic  components  and  the  tape  recorder.  A  calibration 
unit  is  included  so  that  it  is  possible  to  simulate  full- 
scale  deflection  on  sensing  elements  by  switching 
precision  resistors  into  the  sensing-element  input  cir¬ 
cuits-  The  tape  recorder  in  this  system  con  record 
nnder  sustained  gravitational  forces  of  up  to  75  g's. 
The  overall  running-time  of  this  recorder  is  three 
minutes  and  the  average  tape  apeed  is  30  ips. 

3.4. 1.2  Miniature  Tape-Recording  System.  Two 
miniature  tape-recording  systems  were  developed 
for  installation  in  the  internal  tubes  of  a  parachute 
dummy.  One  system  consists  of  three  data-channels 


and  one  reference-frequency  channel,  while  the  other 
consists  of  nix  data-channels  and  one  reference-fre¬ 
quency  channel.  The  overall  dimensions  of  thin  sys¬ 
tem  ore  approximately  5  in.  in  diameter  and  23  in. 
long.  The  auxiliary  equipment  required  fer  the  opera¬ 
tion  of  thin  system  consintn  of  a  power-switching 
unit,  a  calibration  unit,  and  a  power  supply.  The 
power-switching  unit  may  be  installed  in  the  right-arm 
tube  of  a  parachute  dummy  and  has  aa  its  function  the 
switching  from  externally  to  internally  applied  d-c 
power.  The  left-arm  tube  of  the  dummy  contains  the 
calibration  unit,  which  can  simulate  full-scale  sensing- 
element  deflection  by  switching  a  known  resistance 
into  the  input  circuits  of  the  data-signal  converters. 
The  two  leg  tubes  of  the  parachute  dummy  contain  a 
24-volt,  d-c  power  supply  for  the  operation  of  the  sys¬ 
tem.  Tents  have  been  conducted  on  thin  system  at 
altitudes  up  to  100,000  ft  and  temperatures  down  to 
-65  K,  The  tape  recorders  in  both  systems  are  minia¬ 
turized  and  have  a  recording  time  of  three  minutes 
with  an  average  tape  speed  of  11  in.  per  sec.  For 
the  three-channel  system,  12-in.  magnetic  tape  is 
used,  while  l-in.  tape  is  used  for  the  six-channel  sys¬ 
tem. 

3.4. 1.3  Magnetic-Tape  Playback  System.  The 
magnetic-tape  playback-system  converts  the  fre¬ 
quency-modulated  signals  recorded  previously  on  mag¬ 
netic  tape  into  analog  voltages  through  discriminator 
action.  The  recording  is  s  frequency-modulated  signal 
with  a  full-acale  swing  of  500  cycles  about  n  signal 
frequency  of  3.5  kc.  The  tape  transport-mechanism 
driven  the  tape  past  a  pickup  head.  After  amplification, 
the  signal  in  clipped  and  shaped  into  pulses  suitable 
for  triggering  a  mono-stable-multi-vibrator-pulse-rate 
counter.  The  resulting  pulses  are  passed  to  a  low-pass 
filter  circuit,  which  has  s  cutoff  frequency  of  200  cps. 
The  d-c  voltages  at  the  filter  output  ore  then  sent  to 
an  amplifier,  which  furnishes  the  power  amplification 
necessary  to  drive  a  galvanometer  or  light-beam  os¬ 
cillograph.  Since  the  speed  of  recording  may  not  be 
constant,  playback  at  constant  speed  would  not  result 
in  faithful  reproduction  of  data.  Therefore,  n  variable- 
speed  tape-transport  is  used  for  playback.  This  tope 
transport  receives  its  control  si  (pal  from  the  reference- 
frequency  channel  on  the  recorded  tape.  A  4000-cps 
fixed-frequency  is  recorded  on  this  channel.  Tape 
"flutter"  and  "wow"  appear  aa  a  frequency  modula¬ 
tion  of  the  4000-cps  carrier-frequency.  This  signal  is 
detected  in  a  manner  similar  to  that  naed  in  the  data 
discriminator.  The  signal  is  amplified  and  used  to 
control  the  capstan-drive  speed,  where  it  removes  the 
long-term  speed-variation  problem.  The  large  inertia 
of  the  aystem  prevents  instantaneous  action.  There¬ 
fore,  this  reference  signet  is  also  used  to  control  the 
bias  on  the  pulse  height-limiting  diode  of  the  data- 
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discriminator  circuits.  The  result  is  u  cancellation  of 
the  noise  st  the  output  of  the  data  discriminator.  This 
action  achieves  a  faithful  analog  reproduction  of  the 
digital-input  data.  The  six-channel  playback  system  ia 
completely  contained  in  a  70>in.  reluy-rack  cabinet. 
Auxiliary  equipment  for  this  magnetic-tape  playback- 
system  consists  of  either  a  six-channel  direct-writing 
recorder  or  a  six-channel  light-beam  oscillograph, 
which  converts  the  output  signals  of  the  dnta  recon¬ 
verters  into  permsnent  records. 

3.4.2  TELEMETRY  SYSTEMS  (REF  (11-14)).  Tele¬ 
metry  is  defined  as  a  system  that  takes  measurements 
at  a  remote  location  and  reproducea  them  at  a  conven¬ 
ient  location  in  a  form  suitable  for  display,  recording, 
or  insertion  into  data-reducing  equipment.  To  perform 
its  basic  functions,  a  telemetry  system  has  a  remote 
terminal  for  collecting  and  transmitting  its  measure¬ 
ment  data,  a  connecting  link,  and  a  receiving  terminal 
for  collecting  and  disseminating  the  data.  A  sensor 
located  at  the  remote  terminal  produces  an  electrical 
signal  which  is  processed  and  applied  to  a  transmitter. 
The  transmitter  output  is  carried  by  the  connecting 
(radio)  link  to  the  receiving  terminal,  where  it  ia  pro¬ 
cessed  for  the  combined  use  of  display,  storage,  and 
later  computer  analysis  and  display,  or  ia  fed  directly 
into  a  computer. 

Although  other  types  of  telemetry  systems  are  in 
use,  the  FM/FM  system  is  currently  the  most  widely 
used  in  the  acquisition  of  performance  dsta  for  an 
aerodynamic  decelerator.  Wide  use  of  this  technique 
results  from  aignal-to-noise  ratio  improvement  for 
increase  in  bandwidth  occupancy,  reduction  in  cross¬ 
talk,  and  higher  efficiency  transmitters.  A  disadvan¬ 
tage  is  the  greater  radio  frequency  bandwidth  which  is 
required  to  improve  the  ratio  of  signal  to  noise.  Fre¬ 
quency  modulation  (FM)  is  by  definition  that  type  of 
modulation  in  which  the  instantaneous  frequency  is 
equal  to  the  constant  frequency  of  the  carrier  plus  a 
time-varying  component  that  is  proportional  to  the 
magnitude  of  the  modulating  wave.  In  FM/FM  telemetry 
systems,  the  quantity  (variable)  to  be  measured  is 
converted  by  a  transducer  to  an  equivalent  electrical 
signal.  This  signal  is  used  to  frequency-modulate  a 
subcanier  oscillator  in  one  of  the  standard  subcarrier 
bands.  The  outputs  of  the  subcarrier  oscillators  are 
mixed  and  used  to  frequency-modulate  the  transmitter. 
After  transmission  by  an,  air  link,  the  FM/FM  output 
is  received  by  u  suitable  receiver.  The  composite 
signal  is  then  broken  down  ioto  various  subcarriers  by 
band-pass  filters.  Finally,  the  electrical  equivalent 
signal  is  recovered  by  FM  discriminstors  for  record¬ 
ing,  processing,  and  display. 

In  a  multi-channel  FM/FM  system,  there  are  basical¬ 
ly  two  systems:  continuous  reading,  and  sequential 


sampling. 

In  the  continuous-reading  system,  each  subcurrier 
is  assigned  s  single  quantity  to  be  measured.  The 
sequential  sampling  system  accomodates  a  number  of 
different  measurements  by  sampling  the  quantities  in 
a  recurring  sequence.  This  greatly  increases  the  num¬ 
ber  of  messurements  which  can  be  carried  over  a  sin¬ 
gle  radio-frequency  carrier.  Although  sampling  has 
the  advantage  of  increaaing  the  number  of  data  chan¬ 
nels,  the  penalty  for  this  ia  a  reduction  in  the  change 
of  rate  of  intelligence  that  can  be  accurately  trans¬ 
mitted.  To  recover  the  intelligence,  each  subcarrier 
ia  separated  by  a  band-pass  filter  and  converted  into 
bursts  of  amplitude  modulated  direct  current.  These 
bursts  are  then  separated  by  decommutation  before 
recording. 

3.4.2. 1  Subcarrier  Otcillators.  Subcarrier  os¬ 
cillators  commonly  used  in  FM/FM  systems  fall 
into  four  general  classifications.  They  are  voltage- 
controlled;  resistance  bridge;  inductance-controlled; 
and  saturable  reactive  oscillators.  Each  type  is  used 
for  a  specific  purpose,  and,  in  general,  the  four  are 
not  interchangeable. 

Voltage-controlled  oscillators  (VCO)  are  widely 
used  to  measure  a-c  or  d-c  voltages.  These  voltages 
may  be  the  output  of  appropriate  transducers  or  may 
be  voltages  of  the  quantity  being  measured.  The  input 
impedance  is  usually  one  megohm.  Most  of  the  voltage- 
controlled  oscillators  are  available  as  plug-in  units 
and  ore  pretuned  at  the  factory.  Prepackaged  plug-in 
filters  for  harmonic  suppression  in  the  22-kc  to  40-kc 
bands  are  also  available. 

The  resistance-bridge  oscillator  consists  of  n  phase- 
shift  oscillator  employing  a  resistance  bridge  as  a 
part  of  the  phase-shift  network.  A  change  in  the  re¬ 
sistance  of  any  one  of  tbe  four  bridge  elements  will 
produce  a  proportional  change  in  tbe  oscillator  fre¬ 
quency.  Use  of  two  or  more  active  arms  in  the  bridge 
increases  the  sensitivity  of  the  oscillator-bridge  com¬ 
bination.  This  type  of  oscillator  is  designed  for  trans¬ 
ducers  employing  strain-gage  elements  and  is  recom¬ 
mended  for  use  in  one  or  more  aims  of  a  four-arm  120- 
ohm  resistance  bridge.  Subcarrier  bands  from  1.7  kc  to 
14.5  kc  are  used  with  this  oscillator. 

Inductance-controlled  oscillators  are  used  primarily 
with  variable-inductance  transducers.  The  oscillator 
circuit  is  basically  a  Hartley  LC  with  the  transducer 
constituting  the  inductive  portion  of  the  tank  circuit. 
As  the  transducer  inductance  is  changed  by  the  action 
of  tin-  quantity  to  be  measured,  the  frequency  of  the 
oscillator  is  varied,  thus  producing  a  frequency-modu¬ 
lated  subcarrier  signal  proportional  to  tbe  applied 
stimulus.  In  general,  the  inductance  oscillators  are 
rugged,  stable,  physically  small,  and  light  in  weight. 
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They  are  available  in  nil  of  thp  aubcarrier  bands  from 
1.7  kc  to  14.S  kc. 

Reactance  oscillator*  employ  saturable  reactor* 
which  are  cuirrnt-controlled  pickupa.  Coil*  of  the 
reactor  are  uaed  ax  inductance  elements  to  modulate 
the  oMcillator.  Thin  type  of  oncillator  ia  uaed  for  mea¬ 
suring  current,  niiiiiII  voltages,  or  temperature,  and 
operates  in  the  1.7-kc  to  14.5-kc  range  of  subcarrier 
bands. 

3. 4.2. 2  l)ata  Commutation.  Because  of  the  limi¬ 
tation  on  channel  capacity  in  the  I'M TA1  system 
and  the  relatively  slow  changes  of  certain  measured 
quantities,  it  is  sometimes  advantageous  to  sample 
rather  than  monitor  the  quantity  continuously.  This 
process  is  known  as  commutation.  In  a  practical  use 
of  commutation,  the  various  intelligence  channels  ore 
sampled  sequentially.  An  important  consideration  in 
commutation  ia  the  rate  at  which  the  input  function 
must  be  sampled.  For  optical  interpolation,  it  has 
been  determined  that  the  sampling  rate  should  be  5.7 
times  the  highest  frequency  of  the  measured  quantity 
for  a  maximum  error  of  ±2  per  ceat.  When  automatic 
channel-separation  is  used,  the  sampling  rate  can  be 
reduced  by  n  factor  of  approximately  two.  Common 
methods  of  commutation  include  the  customary  record¬ 
ing  of  input  and  output  and  refer  primarily  to  the  mb- 
carrier  oscillator. 


3. 4. 2. 3  Transducer*.  An  important  consideration 
in  the  use  of  FM/FM  system  in  the  mating  of  trans¬ 
ducer  outputs  with  the  optimum  subcarrier  channel. 
The  choice  of  transducers  will,  in  general,  be  deter¬ 
mined  by  the  frequency  response  of  the  measured 
quantity.  Once  the  transducer  has  been  selected,  it  is 
necessary  to  choose  the  subcarrier  which  has  a  maxi¬ 
mum  intelligence-frequency  equal  to,  or  slightly  great¬ 
er  than,  the  required  system-response.  The  list,  given 
in  Table  11-10,  can  serve  as  a  guide  in  selecting 
subcarrier  bands  for  certain  measuranda. 

3. 4. 2.4  Transmitter.  The  transmitter  employs 
conventional  techniques.  Thus,  for  PM  systems,  the 
transmitter  is  frequency-modulated  with  the  appropriate 
modulating  signal. 

3.4. 2.5  Trtwismission  Link.  In  current  and  future 
applications,  the  mostly  used  connecting-link  ia  radio. 
At  the  present  time,  telemetry  banda  for  military  use 
are  225  to  260  me  and  2350  me  (II1IG). 

3.4. 2.6  Receiver.  The  receiver,  like  the  trans¬ 
mitter,  employs  conventional  equipment. 

3.4. 2.7  Receiving  Terminal.  It  is  the  function 
of  the  receiving-terminal  processor  to  recover  the 
transmitted  information  and  make  it  available  for  one 
or  all  of  the  following:  display,  storage,  or  computa¬ 
tion.  For  the  FM/FM  technique,  the  processor  con¬ 
sists  of  filtering,  discrimination,  and  decommntstion, 
and  finally,  recording. 


TABI.F.  11-10  SUBCARRIFR  BANDS  FOR  SF4.KCTKD  MFASURANDS 


Subcarrier 

Intelligence 

Frequency, 

Frequency, 

Suggested  Measurands 

kc 

cps 

1.3 

20 

1. 

1  .inear  and  constant  acceleration 

1.7 

25 

2. 

Kquipment  supply  voltages 

2.3 

35 

3. 

Slow-varying  positions 

3.0 

45 

4. 

Static  and  slow-varying  forces 

3.9 

60 

5. 

Static  and  slow-varying  pressures 

6. 

Coordinated  temperatures 

5.4 

80 

1. 

l.ow-frequcncy  vibration 

7.35 

110 

2. 

Servo-system  measurements 

10.5 

160 

1. 

Pressure  surges  and  shocks 

14.5 

220 

2. 

Radiated  temperatures 

22 

660 

1. 

Vibration 

40 

1200 

2. 

Snatch  forces 

70 

2100 

3. 

Monitoring  of  affecting  voltages 

4. 

Rapid  motion 

498 


REFERENCES 


(11 -1)  AS1)  Technical  Report  61-6<X),  Feasibility 
Study  of  Hypersonic  Parachute  Free  Flight  Test 
Capability,  Phasr  I;  Cook  Research  Laboratories. 
November,  1961. 

(11-2)  Streeter,  Victor,  Fluid  Mechanic*;  2nd  F,d. , 
McGraw-ll ill  Hook  Co. 

(11-3)  Heinrich,  II ,  and  Ibrahim,  S.,  WADC  Tech¬ 
nical  Report  59-457,  Application  of  the  Weber  Sur¬ 
face  Wave  Analogy  in  Visualizing  the  Wave  Pat¬ 
tern  of  a  Number  of  Primary  and  Secondary  Hody 
Configuration*  in  Supersonic  Flow;  University  (if 
Minnesota,  19.19. 

(11-4)  Preiswerk,  K.,  NACA  Technical  Memoranda 
934  and  931,  Application  of  the  Methods  of  Gas 
Dynamics  to  Water  Flow  With  Free  Surface,  Parts  I 
and  II. 

(11-5)  llarleman,  D.,  AF  Technical  Report  5985,  Part 
4,  Studies  on  the  Validity  of  the  Hydraulic  Anulogy 
to  Supersonic  Flow;  MIT. 

(11-6)  Miller,  I, t.  A.P.,Tlie  David  Taylor  Model  Hanin; 
Dept,  of  the  Navy. 

(11-7)  Whicker,  F,.,  and  Cum,  F.,  Stability,  Strength, 
and  Opening  Characteristics  of  Parachutes  in 
Water;  David  Taylor  Model  Basin,  Dept,  of  the 

Navy. 


(11-8)  Royal  Aircruft  establishment  (Great  Britain) 
Technical  Note  No.  M  K.  319.  A  Comparison  of 
the  Performance  of  Snail  Parachutes  in  Air  and 
Water. 

(11-9)  Cuskren,  R.J.,  et  ul.,  WADI)  Technical  Report 
60-5)  1,  Investigation  of  the  High  SpeeJ  Impact 
Behavior  of  Fibrous  Materials,  Part  I:  Design  and 
Appratun,  Sept.,  I960. 

(11-10)  Caskren,  R.J.,  and  Chu,  C.C.,  ASI)  Technical 
Report  60.511 ,  Investigation  of  the  High  Speed 
Impact  Behavior  of  Fibrous  Materials,  Part  II; 
Impact  Characteristics  of  Parachute  Materials, 
Feb.  1962. 

(11-11)  Dirian  I).  and  I.ang.  C.K.,  Testing  F.quipment 
for  Missile,  Drone  and  Fscape  Capsule  Recovery 
Systems;  6511th  Test  Group  (Parachute),  ALF  El, 
Centro,  Calif.,  June  1960. 

(11-12)  F.ngstrom,  B.A.,  WADC  Technical  Report 
58-284,  Performance  of  Trailing  Aerodynamic  De- 
celerators  at  High  Dynamic  Pressures,  Part  I: 
Development  of  Test  Method  and  Test  Equipment, 
June  1958. 

(11-13)  WADD  Technical  Report  6’-67,  Telemetry 
Transducer  Handbook,  Vol.  I;  Radiation,  Inc., 
July  1961. 

(11-14)  WADD  Technical  Report  61-67,  Telemetry 
Transducer  Handbook,  Vol.  II,  Catalog;  Radiation, 
Inc,,  April  1961. 


499 


CHAPTER  12 

SAMPLE  CALCULATION  FOR  A  DEPLOYABLE  AERODYNAMIC  DECELERATOR  SYSTEM 


Tablo  of  Content* 

Section  l'aKc 

1  MISSION  CRITKRIA  503 

2  SKLK.CTION  OK  DKPLOYAHI .K  AK.HODYNAMIC  DK.CKLK.RATOHS  503 

2.1  Parachute  Cunopy  for  Temiinul  Deceleration  503 

2.2  Parachute  Canopy  for  Intermediate  Deceleration  503 

2.3  Parachute  Canopy  for  Kirst-Sluge  Deceleration  504 

3  TRAJKCTORY  CALCULATIONS  504 

3.1  Required  Cone-K.jection  Velocity  504 

3.2  Cone  Deployment  Time  and  llequired  Drag  504 

3.3  Calculation  of  llemisflo  Deployment  Time  and  Snatch  Korce  505 

3.4  Calculation  of  llemiaflo  Killing  Time  and  Opening  Shock  506 

3.5  Intermediate  Parachute  Deployment  Time  and  Snatch  Korce  507 

3.6  Intermediate-Canopy  Killing  Time  and  Opening  Shock  511 

3.7  Calculation  of  Kinal-llecovery  Canopy-Killing  Time  and  Opening  Shock  511 

4  DKSIGN  CRITF.HIA  514 

4.1  Canopy  and  Suspension-Line  Characteristics  514 

4.2  Reefing-Line  Length—  ( 16-fl  Canopy)  516 

4.3  Poroaity  Calculation  526 

4.4  Construction  Specifications  526 

4.5  Packing  Volume  (Pressure  Packing)  527 

References  527 

Illustrations 

Number 

12-1  (CqS)  vs  Time  513 

12-2  Velocity  vs  T  for  the  Killing-Time  Values  tj  =  5.2  Sec.  514 

12-3  Opening-Shock  Korce  vs  Ratio  of  T  for  100-ft-Diameter  Canopy  514 

12-4  Core  Pattern  of  Canopy  with  Skirt  Kxtension  518 


501 


Number 


Illustrations  (Coin'd) 


/'o«c 


12-5 

Dimensions  Measured  on  Hemispherical  Canopy 

519 

12-6 

Dimensions  Measured  on  Hemispherical  llibbon  Canopy 

519 

12-7 

Diagram  of  Half-Core 

523 

12-8 

Vertical  Hibbon  Placement  on  Hulf-Corr 

524 

Tables 


12-1 

Calculation  of  Deployment  Time  of  6-ft  llemisflo  Canopy 

506 

12-2 

Trajectory  Calculation 

508 

12-3 

Calculation  of  Deployment  Time— 16’  Conical  Itibbon  Cunopy 

513 

12-4 

Calculation  of  Opening-Shock  borer— W  -  2883.5 

515 

12-5 

Construction  Details  of  6-ft  llemisflo  Parachute 

526 

12-6 

Construction  Details  of  16-ft  Conical  Hibbon  Parachute 

526 

12-7 

Construction  Drtuils  of  l()0-ft  Hat  Circular  Paruchute 

527 

12-8 

Pack  Density 

527 

502 


CHAPTER  12 

SAMPLE  CALCULATION  FOR  A  DEPLOYABLE  AERODYNAMIC  DECELERATOR  SYSTEM 


In  order  to  provide  n  mathematical  guide  for  the  calculations  used  to  select  and  design  a  deployable 
aerodynamic  deceleration  system  for  a  particular  application,  the  following  sample  calculation  is  in¬ 
cluded.  The  initial  and  terminal  conditions  of  the  mission  aa  well  as  the  staging  of  the  aerodynamic 
decelerutors  are  hypothetical.  This  Chapter  incorporates  as  many  individual  calculation  considerations 
aa  possible.  However,  the  placement  of  these  individual  calculations  within  the  Chapter  does  not  re¬ 
flect  an  exact  sequence  of  steps  to  be  followed  in  decelerator  system  design. 


SEC  1  MISSION  CRITERIA 

For  the  purpose  of  this  sample  calculation,  the 
following  problem  is  selected,  for  which  a  multi-stage 
deployable  aerodynamic -decelerator  system  is  required: 
A  vehicle  of  combined  ogive-cylinder  shape  with  blunt 
end  with  a  maximum  diameter  of  20  in.  is  released 
from  an  aircraft  in  horizontal  flight  at  an  altitude  of 
40,000  ft  at  a  velocity  of  2,130  ft  sec.  (Mach  2,2).  The 
total  weight  of  the  vehicle  at  time  ol  release  from  the 
aircraft  is  3000  lb.  The  vehicle  in  to  be  decelerated 
und  stabilized  throughout  the  supersonic  and  transonic 
speed  regime  with  terminal  deceleration  by  means  of  a 
recovery  parachute  to  impact  at  sea  level  with  a  rate 
of  descent  not  higher  than  22  ft  sec  (limits  of  system); 
oscillation  during  the  final  descent  portion  of  the 
mission  shall  be  within  —20  deg.  The  maximum  load¬ 
ing  imposed  upon  the  vehicle  during  the  period  of 
aerodynamic  decelerator  operations  shall  not  exceed 
12  g’s.  The  analysis  shall  terminate  with  pre-impact 
conditions  and  shall  not  include  the  attenuation  of 
ground  impact  shocks. 

SEC.  2  SELECTION  OF  DEPLOYABLE  AERO¬ 
DYNAMIC  DECELERAT0RS 

2.1  Parachute  Canopy  for  Terminal  Deceleration. 

Since  the  terminal  velocity  is  specified  to  be  approxi¬ 
mately  22  ft/s  c  and  total  weight  of  the  descenuing 
system  is  approximately  30001b,  the  drag  nrea,  (C/)S0), 
required  for  this  parachute  canopy,  can  be  obtained 
from  Chapter  2  (Fig.  2-13)  to  be  approximately  5200  sq 
ft.  Assuming  that  a  solid  cloth  flat  circular  canopy  can 
be  utilized  as  the  final  recovery  parachute  establishes  a 
drag  coefficient,  (Cjy  )  which  permits  calculation  of 
the  size  of  canopy  required.  Selecting  a  Cp  of  0.75 
gives 

CDSa  -  (0.75)  (nr)  D*  -  5,200 
4 


D0 2  - 
Da  -94  ft 

Because  it  in  a  standard  canopy  and  readily  available, 
and  since  its  stability  characteristics  are  within  re¬ 
quired  limits  (—  20  deg),  a  100-ft  diameter  (I)Q )  solid 
flat  circular  canopy  is  initially  selected  to  accomplish 
final  recovery  of  the  vehicle. 

Having  selected  the  type  and  size  of  the  final  re¬ 
covery  canopy,  the  terminal  conditions  for  the  preced¬ 
ing  or  intermediate  aerody namic-decelerator  can  be 
approximated.  Although  canopies  of  this  type  and  size 
havp  been  deployed  under  more  severe  conditions, 
deployment  conditions  for  the  terminal  descent  canopy 
are  chosen  to  be  at  a  velocity  of  175  ft/sec  and  at  an 
altitude  of  5000  ft.  Thin  selection  insures  reliable  de¬ 
ployment  and  opening,  avoidance  of  excessive  drifts, 
and  eliminates  the  necessity  foi  canopy  reefing. 

2.2  Parachuta  Canopy  for  Intomiodiato  Decol¬ 
oration.  Considering  among  other  factors  the  in¬ 
flation  characteristics,  drag  coefficient,  stability,  and 
stress  distribution  of  ribbon  parachute  canopies  of 
various  designs,  a  conical  ribbon  parachute  canopy  is 
selected  to  decelerate  the  vehicle  to  a  velocity  of 
175  ft/sec  at  an  altitude  of  5,000  ft.  Again  referring 
to  Chapter  2  (Fig.  2-13),  the  required  drag  area  (C[y>n), 
for  the  intermediate  deceleration  parachute  canopy  is 
94.5  sq  ft  to  give  an  equilibrium  velocity  of  175  ft/sec. 
Assuming  a  drag  coefficient,  Cf)o  of  0.5,  the  nominal 
diameter  of  the  canopy,  D0  will  be  15.5  ft.  To  insure 
that  the  desired  equilibrium  velocity  is  attained  and 
the  stated  deployment  conditions  for  the  terminal  des¬ 
cent  canopy  are  not  exceeded,  a  canopy  with  a  nominal 
diameter  of  16  ft  is  selected.  The  deployment  initiation 
speed  for  the  intermediate -stage  parachute  was  se¬ 
lected  as  Mach  1.3.  For  this  deployment  condition,  and 
considering  the  size  of  the  canopy,  the  canopy  will 
incorporate  a  cone  angle  of  20  deg  and  a  geometric 
porosity  of  appoximately  27  per  cent. 
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■  0.3.17. 


2.3  Porachut*  Canopy  for  First-Stag*  Dactlaro- 

tion.  I  he  requirement*  for  selection  of  the  firsl- 
•tate  canopy  are  reliable  deployment  and  inflation  at 
Mach  2.2  and  an  altitude  of  40,000  ft.  After  inflation 
the  canopy  ie  to  insure  stability  of  the  vehicle  and 
decelerate  it  to  a  speed  of  Mach  1.3.  For  this  cal¬ 
culation  a  6-ft-diam  llemisflo  will  be  employed  with 
a  total  porosity  of  approximately  2 1.3  |>er  cent.  (A  2.18- 
ft  llemisflo  has  been  successfully  deployed  at  speeds 
greater  than  Mach  2  (Ref  ( 1 2-1 )). 

SEC  3  TRAJECTORY  CALCULATIONS 

Upon  release  from  the  aircraft,  the  ogive-cylinder 
vehicle  is  allowed  to  free-fall  for  a  period  of  0.35 
sec  before  deployment  initiation  of  the  decelerator 
system.  This  deployment  delay  is  considered  neces¬ 
sary  to  insure  separation  of  vehicle  from  the  aircraft 
and  to  allow  deployment  of  the  decelerator  system 
sway  from  any  adverse  wake  conditions  generated  by 
the  aircraft.  It  is  assumed  that  during  the  free-fall 
period  the  vehicle  experiences  no  change  in  velocity, 
altitudes,  and  attitude.  To  insure  that  deployment  of 
the  first -stage  canopy  is  accomplished,  a  30-deg 
half-angle  cone  with  a  base  diameter  of  6  in.  and  a 
weight  of  3  lb  will  be  deployed  through  the  wake  of 
the  vehicle  and  will  serve  as  the  extraction  device 
for  the  first-stage  chute.  This  device  was  selected 
because  it  has  predictable  aerodynamic  characteris¬ 
tics.  An  ejection  mechanism  is  employed  to  give  an 
impulse  to  the  cone,  sufficient  to  propel  it  through  the 
wake  of  the  vehicle  a  distance  of  five  vehicle  diame¬ 
ters.  This  distance  is  considered  sufficient  to  allow 
essentially  free-stream  dynamic  pressure  to  act  on 
the  cone. 


3.1  Raquirvd  Con*- Ejection  Velocity.  Ref 

(12-2)  presents  curves  of  required  ejection  velocities 
primary-vehicle  deceleration,  primary-body 
base  diameter,  primary-vehicle  Mach  number,  and  pack 
weight.  (See  Fig.  5-21  through  5-24  of  Chapter  5.)  The 
Mach -number -altitude  flight  regime  in  this  sample 
calculation  does  not  fit  those  in  the  above -referenced 
curves.However.it  is  observed  from  Fig.  5-21  of  Chap¬ 
ter  5  that  at  a  given  altitude-Mach  number  condition, 
as  the  primary-body  deceleration  (i>/g)  is  decreased,  the 
required  ejection  velocity  is  also  decreased.  The 
deceleration  of  the  primary  vehicle  in  this  sample 
calca lotion  it 

F  (Drag)  g 


±m  1/2(5.8512x10''*)  (21 29, 6)2  (0.35)  (n)  (20)2 
*  ‘  U44)  (4)  (3000) 


This  deceleration  is  low  and  should  require  only  a 
low  ejection  velocity  to  achieve  separation  ol  the 
cone  from  the  vehicle. 

Ily  utilizing  the  data  presented  in  Fig. 5-21  through 
5-24  of  Chapter  5  a  minimum  ejection  velocity  of  30 
ft/aec  was  selected. 

3.2  Cono  Deployment  Tim#  and  Roquir*d  Drag. 

Due  to  the  lack  of  data  available  on  supersonic  wake 
characteristics,  several  assumptions  will  have  to  be 
made  to  determine  the  time  for  the  cone  to  travel  a 
relative  distance  of  five  calibers  aft  of  the  primary 
vehicle.  It  will  be  assumed  that  the  velocity  of  the 
primary  body  does  not  decrease  during  the  deployment 
time,  since  it  has  such  a  low  deceleration.  It  can  also 
be  assumed  that  the  cone  produces  negligible  drag 
during  its  initial  movement  of  a  relative  distance 
equal  to  two  primary-body  diameters.  These  are  fairly 
good  assumptions,  the  latter  because  in  the  wake 
region  behind  the  primary  body  subsonic  flow  exists 
(see  Sec.  10,  Chap.  4).  In  addition,  results  from  wind- 
tunnel  tests  with  a  30-deg  half-angle  cone  stationed 
at  various  distance  behind  a  primary  body  showed 
that  the  drag  coefficient  of  the  cone  in  this  region 
baaed  on  free-stre am  dynamic  pressure  was  small 
(Ref  (12-31).  Therefore,  using  the  relationship 

(12-1)  5  -  vot  +  1/2  at2 


and  the  above  assumptions,  the  time  for  the  cone  to 
travel  a  relative  distance  of  two  calibers  is 

2 

S  —  (8.33)  -  30  t 


(12-2) 


t  -  :U3 

30 


0.111  sec 


Utilizing  drag-coefficient  data  from  the  above-men¬ 
tioned  tents,  an  average  drag-coefficient  for  the  cone 
at  distances  behind  the  primary  body  from  two  to  five 
calibers  was  selected.  This  value  was  C[)  »  0.375. 
Next,  the  average  acceleration  of  the  cone  during 
thia  distance  was  computed  as  follows: 

(12-3) 

1  (5.8512x10'*)  (2129.6)2  (0,375)  (ir)  (6)2 
«  2  3/32.05  x  4  x  144 


-  1050  ft /sec  2 

Solving  for  the  time  for  the  cone  to  travel  a  relative 
distance  equal  to  three  calibers, 


504 


or 


S  -  -  (8.33)  -  (30)  i  +1  (1050)  t 2 
5  2 

i  -  1>/900  ~  (4)  (52S)  ('s) 

2  (525) 

»  -30  7  l6f>00 

1050  ’ 

-  -30  -*  106.9  _  7^9  _  0.0732  sec 

1050  1050 


Therefore,  total  deployment  time  for  the  cone  equate 
‘tol  -  01,1  ♦  0*0732  .  0.1842  nee 


After  deployment  the  cone  must  produce  sufficient 
drag  to  overcome  the  inertia  of  a  6 -ft  Hemiaflo  pack 
and  to  break  the  pack  retaining-straps.  The  drag  of 
the  cone  after  deployment  ia 


n 


I  (5.8512x10*^)  (2129.fi)2  (0.75)  (ir)  (6)2 
(4)  (144) 


195.61b 


The  inertia  of  the  6-ft  Hemiaflo  pack,  which  haa  a 
weight  of  10  lb,  ia 

(12-4) 

Inertia  Force  -  (Wt)  (No.  of  g’s)  -  10  (0.34)  -  3.4  lb 

Using  four  strands  of  MII.-H-560B,  Class  A,  Type  II, 
NylonRibbon,  which  has  ahreaking  strength  per  strand 
of  18  lb,  requires  that  a  minimum  force  of 

Force  ■  3.4  +  18  (4)  -  75.4  lb 


where 


p  ( CnS)b  (5.851 2  x  10'4)  (0.35)  in)  (20)2 


lmb 


-  2.39 x  10 


2/  2987  \ 
^32.057 


(144)  (4) 


pfCnS)r  j  >hn 


tot 


The  drag  area,  (C^)c,  is  the  drag  area  of  the  cone 
and  uninflated  Hemiaflo  canopy.  It  is  assumed  that 
the  total  drag  area  of  the  cone  and  uninflated  canopy 
is  only  slightly  larger  than  the  drag  area  of  the  cone 
which  ia  (C^yS)  cone  «  0.147.  Therefore,  ( CpS)c  is 
taken  to  be  0.16. 

The  term,  mtol,  is  the  sum  of  the  mass  of  the  cone, 
the  deployment  bag  for  first-stage  canopy,  and  the 
first-stage  canopy  without  lines.  These  are  as  follows: 


3.0 

lT05 

2.8 


"cone  -  jjfc  ‘  0  094 


’bag 


32.05 


'"drag-producing 

surface 


0.087 


Wt  of  Canopy -Wt  of  lines 


-7.2 -5.2-  0.062 
32.05 


Then,  mtot  -  0.094  +  0.087  +  0.062  -  0.243. 


by  applied  to  the  Hemiaflo  pack.  With  the  drag  pro 
duced  by  the  cone, 


(12-5)  Margin  of  Safety 


195.6  -  75.4 

75l 


1.6 


ia  realixed. 

3.3  Calculation  of  Hemisflo  Deployment  Time 
and  Snatch  Force.  The  Hemiaflo  first-stage  para¬ 
chute  has  2-D0- length  suspension  lines.  Therefore, 
using  Eq  4-46  in  Chap.  4, 

(12-6) 

1  1 

La  ■=  12'  -  -  In  (1  +  Jh  vd  i2)  -  -  In  (1  +JC  vd  t2) 
' b  /c 


Substituting  these  values  of  (CpS)c  and  m  into  the 
equation  for  /c  gives  t0* 


(5.8512  xHT4)  (0.16) 
(2)  (0.243) 


1.92*  IQ'4 


It  was  assumed  that  the  velocity  of  the  primary  vehicle 
did  not  change  during  deployment  of  the  cone.  There¬ 
fore,  the  velocity,  equals  2129.6  ft/sec.  A  trial  - 
and-error  solution  (as  discussed  in  4.2.2.,  Chap.  4) 
for  <2*  '■  now  performed  utilizing  Eq  4-46  of  Chap.  4. 
This  calculation  is  shown  in  Table  12-1. 

From  Table  12-1,  <2  is  0.18  sec.  This  value  is  sub¬ 
stituted  into  F,q  4-47  and  4-48  of  Chap.  4  to  solve  for 
the  velocities  of  the  primary  and  secondary  bodies  at 
suspension-line  extension. 
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TABLF.  12-1  CALCULATION  OF  DKPLOYMF.NT  TIMK  OF  6- FT  IIFMISFI.O  CANOPY 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7)  (8)  (9)  Ls 

*2 

Vd*2 

Jc"dl  2 

1  ♦  (2) 

1  +  (3) 

In  (4) 

In  (5)  1  (6)  l  (7)  (8)-(9) 

5.091xl0*^t2 

h  “c 

0.409/2 

0.3 

1.527x10*® 

0.1227 

1.001527 

1.1227 

0.001527 

0.1156 

640 

603 

37 

0.2 

1.018x10*® 

0.0818 

1.001018 

1.0818 

0.001018 

0.0786 

426 

410 

16 

0.18 

0.916x10*® 

0.0736 

1.000916 

1.0736 

0.000916 

0.0710 

383 

371 

12 

VJ 

ri.  2  "777*771 


_ 2129.6 _ 

(2.39  xlO*6)  (2129.6)  (0.18) +  1 


It  is  assumed  that  drag  produced  by  uninflated  Itemis- 
flo  is  negligible,  and  therefore  is  not  added  to  the 
force  (/*). 


m  2128  ft  sec 


^  11,2 


•J 


Jc  vd  ‘2  +  1 


2129.6 

<1.92x  10"“*)  (2129.6)  (0.18)  +  1 


3.4  Calculotion  of  Homisflo  Filling  Tim#  and 
Opening  Shock.  The  6-ft  lleminflo  inflates  under 
infinite-mass  conditions.  Therefore  the  filling  time 
is  calculated  as  discussed  in  5.1. 2.1  of  Chap.  4. 


•>  19R5  ft  /sec 


Then 


‘rDo 


0.65  \g 
~ 


rH.  2  (rel  ) 


A  V 


V\  2~  Fn  2  »  2128-  1985 


-  143  ft,  sec 


Utilizing  Ka  4-26  of  Chap.  4,  the  snatch  force  can 
now  be  calculated. 


The  velocity,  V  ,  is  equal  to  the  velocity,  V /  9  cal¬ 
culated  in  the  preceding  paragraph  (see  Kq  4-49  of 
Chap.  4).  Then 


(0.65)  (21 .5)  (6) 

It  ■  - 

I  2128 


0.0394  sec 


The  opening-shock  equation  for  infinite-mass  condition 
is 


‘no 


where  7, 
/*' 

£' 


m 


c 


Number  of  suspension  lines  «  20; 

Suspension-line  breaking-strength 
-  2300  lb; 

Percentage  of  elongotion  of  suspension 
line  under  force  equal  to  P".  This  value 
is  22.5  per  cent  and 

Mass  of  canopy  drag-producing  surface 
only. 


Therefore, 


(0,0624)  (143)2  (20)  (2300) 


(12X0.225) 


-  4610  lb 


where  ,Y  *  the  dynamic  opening  shock  factor  ■*  1.3  for 
Memisflo  canopy  (Hef  (12-3)  );  and 

.25  for  llemisflo  canopy  deployed  at  Mach  2.2 
0  (Ref  (12-1)  ). 

Substituting, 

F0  «  (0.25)  (28.3)  (1327)  (1.3)  -  12.190  lb 

The  llemisflo  canopy  decelerates  the  vehicle  to  a 
speed  of  Mach  1.3.  A  trajectory  calculation  is  made 
to  establish  the  altitude,  trajectory  angle,  horizontal 
displacement,  and  time  elapsed  until  the  point  where 
Mach  1.3  is  reached.  The  method  utilized  for  this 
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computation  ia  discussed  in  detail  in  Hef  (12-4).  The 
baaic  equationa  utilized  are  derived  aa  followa. 

Fhe  (free  equilibrium  tangential  and  perpendicular 
to  the  flight  path  yield  the  following  equationa  reapec- 
tively: 


V  dv 


■JT*  Kv  + 


W  cob  a  ——to4 


With  v  -  to  r 


W  ain  a  —  T  -  0 

r  ■»  0 


Ai-.i  - - —  At  1 

*+l  g  coaan 


Time  can  then  be  calculated  by  a  step-by-step  asm- 
ericrl  method. 

The  preceding  trajectory  equation  can  be  solved  by 
meaaa  of  analogue  or  digital  com  put  era.  For  a  limited 
number  of  notations  of  a  trajectory  problem,  however, 
it  might  be  more  economical  and  leaa  time-consuming 
to  calculate  the  trajectory  by  a  atep-by-atep  numerical 
method.  For  such  an  approach,  the  equation  may  be 
written  for  finite  increments  (with  T  »  0)  of  a  in  the 
following  form: 


and  to  m  -  da/dt 


where  I 
A 


I 


Weight; 

pQ>S/2 


Instantaneous  velocity; 
Aerodynamic  drag; 

Thrust; 

Acceleration  due  to  ^avity; 
Angular  velocity;  and 
Tims. 


A*'**! 


C[)S  „2 

A.  || 

2  r  —  p 

coman 


K 


A*n+1 


where  the  subscriptn  a,  n+1, ....  represent  the  incre¬ 
ments. 

The  initial  portion  of  these  trajectory  calculations 
are  shown  in  Table  12-2.  The  final  reunite  of  thia 
calculation  are  as  follows: 


The  above  equation  yields 

il  -t 

jg  -  XT  cos  a 

latroduciag 

dv  dm 

it  da  it 

and  aubadtatiug  this  into  the  first  equation  one  obtains 

f  sin  a  +  Ac2  -  T  -  W  com  ai.  — 

v  dm 


dv  m  (tan  i 


Ac2 


W  con  a  f  coe  a 
Derivations  aa  functions  of  a  yields: 


•)  vdm 


1 


1 


dx  - - v*  dm;  dy  -  t/  tan  a  da 


dt  »  —  —  —  da 

g  cos  a 

If  finite  increments  of  angle  a  are  taken  for  constant 
values  of  n,  these  equationa  can  be  written  aa; 

A*  a+1  "  "■J’V*  A*n+1*  ^0+1  “  -  J  taBaAan+l 

*  n 


Altitnde:  37,000  ft 
Trajectory  angle:  15°  10' 

Time  elapaed  from  release:  14.354  sec 
Velocity:  1254  ft/sec 

3LS  Intermediate  Parachute  Deployment  Time 
and  Snatch  Force.  Initial  snatch-force  calcula¬ 
tions  in  which  the  6-ft  Hemisflo  was  used  to  extract 
the  16-ft  conical  ribbon  canopy  resalted  in  a  force 
exceeding  the  12-g  limitation  (see  Sec.  1).  Therefore, 
a  deployment  system  was  designed  whereby  the  Hemis¬ 
flo  canopy  is  milised  only  to  extract  the  conical 
ribbon  canopy  from  the  vehicle,  at  which  time  it  is 
disengaged  from  the  conical  ribbon  canopy  by  meana 
of  a  knife-lanyard  arrangement  and  the  conical  rib¬ 
bon  canopy  continues  deployment  due  to  its  own 
drag.  An  extended  riser  between  the  Hemisflo  canopy 
and  conical  ribbon  deployment  bag  provides  for  the 
removal  of  the  bag  from  the  conical  ribbon  canopy  at 
line  stretch.  The  conical  ribbon  canopy  baa  suspen¬ 
sion  linen  20  ft  long.  !•  is  assumed  the  canopy  de¬ 
ploys  a  relative  distance  of  18  ft  after  the  Hemiaflo 
canopy  ia  cut  away.  Thus,  by  utilizing  the  same 
equations  as  in  3.3  of  this  Chapter,  the  deployment 
time  and  snatch  force  can  be  calculated. 

L,  -  18'  -1  1.(1+  A*  »llt2)-l-\*(l+Jcyd,2) 

*  b  *  c 
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TAHI.K  12-2  TRAJKCTOHY  CALCULATION 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

“n-l 

an 

an 

‘n 

(D-(iVi 

Vi 

(Hadiunn) 

r°«  Vl 

)„ 

(3)„ 

(4)  + (6) 
(Rudiana) 

(Dearer  h) 

0.000 

_ 

_ 

_ 

— 

— 

-  0.00000 

0.100 

0.100 

2130.00000 

-  0.00000 

1.00000 

-  0.00150 

-  0.00150 

-  0°  5' 11” 

0.200 

0.100 

2128.91888 

-  0.00150 

1.00000 

-  0.00150 

-  0.00300 

-  0°  10'  19” 

0.300 

0.100 

2127.84421 

-  0.00300 

.99999 

-  0.00150 

-  0.00450 

-  0°  15' 29” 

0.400 

0.100 

2126.77596 

-0.00450 

.99998 

-  0.00150 

-  0.00600 

BXSM 

0.500 

0.100 

2125.71408 

-0.00600 

.99997 

-  0.00150 

-  0.00750 

-0°  25'  27' '  1 

0.600 

0.100 

2124.65860 

-  0.00750 

.99997 

-  0.00150 

-  0.00900 

0.700 

0.100 

2123.60948 

-0.00900 

.99996 

-  0.00151 

-  0.01051 

-0°  36'  9” 

0.714 

0.014 

2122.55975 

-  0.01051 

.99995 

-  0.00021 

-  0.01072 

-0°  36' 52” 

0.724 

0.010 

2122.41465 

-  0.01072 

.99994 

-  0.00015 

-  0.01087 

-0°  37'  23” 

0.734 

0.010 

2122.31110 

-  0.01087 

.99994 

-  0.00015 

-0,01102 

-0°  37' 54” 

0.744 

0.010 

2121.96018 

-0.01102 

.99993 

-0.00015 

-0.01117 

-0°  38' 25” 

0.754 

0.764 

0.010 

0.010 

2121.36046 

7.120.51401 

-0.01117 

-0.01132 

.99993 

.99993 

-  0.00015 

-  0.00015 

-0.01132 

-0°  38'  56”. 

r~ 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

tan  a 

n 

co"  ®n 

K/W 

10+7 

K/W  con  an 
(12) /(10) 

(x  10+7) 

•'a 

vn^x  10*6 

<K  ) 

V  C0%V* 

*V. 

.<«)„*(15)n 

—  0.00000 

1.00000 

.762 

mm 

.74583 

2130.00000 

4.53690 

0.33838 

-  0.00150 

1.00000 

.762 

vss 

.74583 

2128.91888 

4.53230 

0.33803 

-0  00300 

.99999 

.762 

.74583 

.74584 

2127.84421 

4.52770 

0.33769 

.99998 

.762 

.74583 

.74584 

2126.77596 

4.52318 

0.33736 

.99997 

.762 

.74583 

.74585 

2125.71408 

4.51866 

0.33702 

i 

.99997 

.762 

.74533 

.74585 

2124.65860 

4.51417 

0.33669 

.99996 

.762 

.74583 

.74586 

2123.60948 

4.50972 

0.33636 

-  0.01051 

.99995 

.762 

.74583 

.74587 

2122.55975 

4.50526 

0.33604 

-  0.01072 

.99994 

.762 

.74583 

.74587 

2122.41465 

4.50464 

0.33598 

-  0.01087 

.99994 

2.525 

2.47142 

2.47157 

2122.31110 

4.50420 

1.11318 

-  0.01102 

.99993 

4.300 

4.20875 

4.20904 

2121.96018 

4.50272 

1.89520 

-0.01117 

.99993 

6.065 

5.93630 

5.93588 

2121.36046 

4.50017 

2.67126 

-0.01132 

.99993 

7.837 

7.67070 

7.67016 

2120.51401 

4.49658 

3.448% 

(Continued  on  next  page) 
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TAII1.H  12-2  (Corn'd) 


(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

tan  a  i 

fk  \  , 

*  t,m  anj'n 
(0)„  ,  (16), 

<>•>„  *  •„ 
(17).  »  (H), 

Aa/.  +  l 
(HuiIumm) 

«fl 

('«>„*  <‘9)„ 

'n  ♦  1 

*(20), 

'  n2  xtanan 
(15)  x  (9) 

H 

(23)  x  Aa„+i 

(23)  x  (19) 

0.3:18.18 

720.74940 

-  0.00150 

-  1.08112 

2128.91888 

0.00 

_ 

— 

0.13653 

716.44507 

-  0.00150 

-  1 .07467 

2127.84421 

-  6798.45 

-  3399.23 

5.09885 

0.1 1469 

712.16818 

-  0.00150 

-  1.06825 

2126.77596 

-  13583.10 

-  10190.78 

15.28617 

0.31286 

707.91865 

-  0.00150 

-  1.06188 

2125.71408 

-  20354.31 

-  16968.71 

25.45307 

0.33102 

701.65387 

-  0.00150 

-  1.05548 

2124.65860 

-  27111.96 

-  23733.14 

35.59971 

0.32919 

699.41636 

-  0.00150 

-  1.04912 

2123.60948 

-  33856.28 

-  30484.12 

45.72618 

0.32736 

695.18480 

-  0.00151 

-  1,04973 

2122.55975 

-  40587.48 

-  37221.88 

55.83282 

0.12553 

690.95688 

-  0.00021 

-  0.14510 

2122.41465 

-  47350.28 

-  43969.38 

65.95407 

0.32526 

690.33659 

-  0.00015 

-0.10355 

2122.31110 

-  48289.74 

-  47820.01 

71.73002 

1.10231 

2339.44475 

-  0.00015 

-  0.35092 

2121.96018 

-  48960.65 

-  48625.20 

72.93780 

1.88418 

3998.15493 

-  0.00015 

-  0.35092 

2121.36046 

-  49619.97 

-  49290.31 

73.93547 

2.66009 

5643.00975 

-  0.00015 

-  0.59972 

2120.51401 

-  50266.90 

-  49943.44 

74.91516 

1.43764 

7289.56378 

-0.00015 

-  0.84645 

2119,42058 

-  50901.29 

-  50584.10 

75.87615 

(25) 

(26) 

(27) 

'>« 

n 

Y  ”1  Av^ 

1 

(24)/-* 

2<25)* 

40.000  +  (26) 

_ 

-0.00000 

40000.00000 

-  0.15908 

-0.15908 

39999.84092 

-  0.47693 

-  0.63601 

39999.36399 

-  0.79414 

-  1.43015 

39998.56985 

-  1.11072 

-  2.54087 

39997.45913 

-  1.42666 

-  3.96753 

39996.03247 

-  1.74199 

-  5.70952 

39994.29048 

-  2.05778 

-7.76730 

39992.23270 

-  2.23799 

-10.00529 

39989.99471 

-  2.27567 

-12.28096 

39987.71904 

-  2.30680 

-14.58776 

39985.41224 

-  2.33737 

-16.92513 

39983.07487 

-  2.36735 

-19.29248 

39980.70752 
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where  vj  -  1254  ft/aec 
p  at  37,000  ft  -  6.71  x  10’4 


1252.7  ft/aec 


V  m  "  '  — —  ■ 

Assume  Cyy  of  the  ogive  cylinder  at  Mach  1.3  ia  0.385,  11,2  y  ^  +  j  (3.77  x  10-4)  (1254)  (.25)  + 1 


-  Wt  of  vehicle  at  release  minus  Wt  of  cone  minus 
Wt  of  first-stage  canopy  and  bag  minus  Wt  of 
aecond-aUge  canopy  and  bag 

-  3000  -  3.0  -  10.0  -  103.5 
.  2883.5 

•  2883.5  „„ 

m,  -  Wb  - -  .  90.0 

7  32.06 

Sobatitutiag: 

(6.71  x  104)  (0.385)  (a)  (20)2  , 

"  (2)  (90.0V  (4)  (144)  "  3’14  »  10 


PfC^c 


Wt  Canopy  -  Wt  Snap.  Lines  +  Wt  Deploy.  Ba 


From  test  data  (Ref  (12-5)),  the  uninflated  drag  ares 
of  a  16-ft  roaicnl  ribbon  canopy  ia  assumed  to  be 


(CDS)e  -  3.15  ft^ 


90  -  13  +  13.5 


Substituting  in  values, 

(6.71  x  104)  (3.15)  A 

L  “  — m - : -  -  3.77  x  lO'4 

e  (2)  (2.805) 

Deployment  time  can  now  be  calculated  by  the 
trial  and  error  method.  This  calculation  is  ahown  in 
Table  12-3.  With  the  value  of  deployment  time  deter¬ 
mined,  0.25  aec,  the  velocities  Vt  9  and  Fii  9  are 
now  found. 


1122  ft/aec 


^11, 2  rel  -AF  -  K,  2  -F|,,2  -  1252.7  -  1122-130.7 


Wt  of  drag-producing  surface 

where  - - 

c  _ 


- -  -  2.40; 

32.06 

Z  -  No.  of  suspension  lines  -  32; 

P'  -  breaking  strength  of  lines  -  3000  lb; 

Lf  -  Suspension-line  length  -  20  ft;  and 

“  Flongation  of  suspension  line  under  load  of 
3000  lb  -  40  per  cent. 

Substituting: 

j(2.40)(130.7)2  (32)  3000  1 391  »  107 

yj  20  (0.4)  8 

-  22,1001b 

To  obtain  total  enatch-force,  the  (hag  of  the  unin- 
flated  16-ft  conical  ribbon  cmopy  is  added  to  the 
above  value.  (See  F.q  4-51  of  Chap.  4.) 

-1(6.71  ,  10*4)  (3.15)  |U122)2  ±  (1252.7)2  j 

-  1492  lb 

Therefore,  total  anatch-force  equals 


1,2  "  h  Vd  *2  +  1  "  <3.14  *  10-6)  (1254)  (.25)  +1  F,  m  p  +  Fc  m  22'100  +  1>492  “  23’592  Ib 
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Il  should  be  noted  that  the  filling-time  on J  mutch- 
farce  equation*  utilized  in  the  preceding  calculation 
are  baited  oa  the  aa sumption  of  horizontal  flifdit. 
Since  the  trajectory  angle  (15°  10')  at  deployment  of 
the  16-ft  conical  ribbon  canopy  is  small,  these  cal¬ 
culations  are  valid  approximations. 

3.6  Intermediate-Canopy  Filling  Tim*  and 
Opening  Shock.  To  maintain  the  12-g  limitation 
for  the  vehicle,  this  chute  has  to  be  reefed.  The  fol¬ 
lowing  calculation  ia  made  to  determine  the  amount 
of  ree flag  required. 


>2g'a  -\p  vs2  {Clf]  (reefed)* 

X  -  Opeaiag-ahock  factor  -  1.05  for  conical  ribbon 
parachute 

reefed  ” 

2*g*u  (24)  (2987) 

P  vm_2X  “  (6-7|  „  jo"4)  (1252.7)2  (1.05) 

-  64.9  ft2 

(CpS)  fully  opened  ■  100  ft2 

Therefore,  the  16-ft  conical  ribbon  parachute  ia  reefed 
to  provide  a  50  per  cent  reduction  in  drag  area. 

To  approximate  the  reefed  opening-shock,  it  ia 
assumed  that  the  reefed  chute  is  a  fully  opened  chute 
of  nominal  diameter  (D_)  which  produces  a  (hag  area 
of  50ft^ 

cn*n02  -  so 

4 

V200 


F  -i_„2  oCnSX  -I(6.7xl04)  (12S2.7)2 (50) (1 .05) 
o  2  u  2 

Fa  -  27,700 

The  conical  ribbon  canopy  remains  in  the  reefed 
condition  for  10  sec.  Die  canopy  in  then  dinreefed. 
Accompanying  the  diareefing  of  a  parachute  canopy 
ia  a  diareefing  force.  In  thia  cnae  the  velocity  of  the 
system  haa  decreased  sipiificantly  (1252.7  fps  to 
434.1  fps),  as  calculated  by  an  extension  of  the  method 
shown  in  Table  12.2.  Therefore,  thin  force  ia  neg¬ 
ligible  compared  to  the  reefed  opening-shock,  and  it 
is  not  calculated.  However,  the  time  to  disreef  has 
to  be  determined  for  use  in  a  trajectory  calculation. 

Since  there  is  no  prescribed  method  for  calculating 
this  duration,  the  following  procedure  is  used. 

The  volume  of  the  16-ft  drag-producing  surface  fuIW 
opened  is  276.0  ft.  The  volume,  reefed,  is  154.5  ft  . 
The  difference  is  121.5ft3.  A  drag-producing  surface 
with  this  volume  has  a  DQ  of  12.15  ft. 

Diareefing  time  can  then  be  calculated  to  be 


(0.65)  (27.0)  (12.15) 

V“  434! 


0.49  sec 


The  16-ft  canopy  is  required  to  decelerate  the  vehicle 
to'a  velocity  of  175  fps  at  on  altitude  of  5000  ft.  With 
knowledge  of  the  relationship  of  CpS  vs  time  of  the 
deceieratior.  system  up  to  diareefing  of  the  16-ft  coni¬ 
cal  ribbon  canopy,  a  trajectory  calculation  can  be 
conducted  by  computer  to  check  the  force  calculations 
previously  made  and  to  determine  if  the  required  de¬ 
ployment  conditions  for  the  final -recovery  canopy  are 
achieved.  The  CpS  vs  time  relationships  are  shown 
in  Fig.  12-1  Initial  velocity,  attitude,  and  vehicle 
attitude  and  weif^it  conditions  are  the  parameters 
necessary  for  computer  calculation.  Results  have 
Jiowi  that  farces  as  calculated  in  thin  sample  cal¬ 
culation  agreed  with  those  computed.  In  addition,  the 
following  trajectory  conditions  existed  at  on  altitude 
of  5000  ft: 


This  canopy  ia  also  inflating  under  infinite -mass  con¬ 
ditions,  so  to  calculate  ir: 

0.65 


(0.65)  (27.0)  (11. 2B) 
V "  12S2.7 


0.158  sec 


The  opening  force  is 


Velocity  -  170  fps;  and 
Trajectory  angle  «  90  deg. 

3.7  Calculation  of  Final-Recovery  Canopy- 
Filling  Tim*  and  Opening  Shock.  The  derivation 
of  the  force  equations  in  Chap.  4,  Sec.  5,  for  the 
finite-case  assumed  horizontal-deployment  conditions. 
Results  from  the  computer  run  show  that  deployment 
of  the  final-stage  canopy  will  occur  under  vertical- 
flight  conditions.  Therefore,  these  equations  must  be 
re-derived.  The  snatch  force  will  be  small  compared 
to  opening-shock  force,  so  its  calculation  ia  neglected. 
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Rewriting  Kq4-93  of  (ilin|>ler  4  to  include  the  vehicle 

weight  term  gives: 

(l2'9)  i  [^+m|"na)*]  -  -  7  c»Svl  +  * 

Substituting  front  (Chapter  4: 
j-5  +  99.1  *  10"^  o/)f>3  £l.7l  -|L  -1.3l)2J  + 

£ 60.075 x  10"*  o»„3  ^  2j  j^L  + 

j  ,0+’^]  (i 

^  150.2  x  10-6  !^?3  (,/t^'^J  «' 


■--f  ^  max  +  f 

Rounding  off  numbers,  and  substituting  it  -  ttiT  ami 

r-1  .  ' 

“■  • 

V 

(  r.  io6  > 

2  ] - S-  +5  [l.71  -  (7-1.31)2]  +3  (7)5/2> 

|goDo3  20  L  J  $ 

If  *  5v  f  3  (7)3/2  _  4  (7  -  1.31)] 


^max7^ 


2 


From  Chapter  4 


3(l/y)S/2  +  5^1.71-^-  -  1.31^2J  -  11- 
$U/tf)3/2  -  4^--  -  1.31^-  45 


Substituting 

f  no6 


7,  +  11.25  7  —  *  22.  So 


20g  al)0 


-120  i, (CpS)^  Tvi  f-10 T,t, 


+  °'>o* 


(12-10)  *1  -  -  _  2?,-£y—  - 

*T  d'+ 22.5  7  4  +22.5  7 


d  '  +  22.5  7 


where  .4 '  - 


— 5T“ 


C'  -  d'  x  g 


Eq  12-10  cannot  be  directly  intepated  to  obtain  a 
solution  for  the  instantaneous  velocity  v.  However, 
rewriting  Eq  4-74  of  Chapter  4, 

2 

g  -  ^2-  tfv  |(l-7)  74/3  -  2c7  (1-7)J 


(12-11) 


/“V  A1 

]iv  t/.  y]gi-7)(r4' 

o  *  V 

2  c7  (1-7)]  „  |«ff 


By  utilizing  Eq  12-10  and  12-11  a  filling  time  can  be 
calculated  by  trial-and-error  methods.  By  selecting  a 
value  for  lr,  values  of  instantaneous  velocity,  v,  can 
be  obtained  by  solving  Eq  12-10  for  values  of  7  from 
0  to  1.  Using  the  values  of  v  from  Eq  12-10,  substi¬ 
tuting  these  into  Eq  12-11,  values  can  be  calculated 
for  the  right-hand  side  of  Eq  2-11  for  7  varying  from 
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Running  Tim 

Ai 

C0S  (FT*) 

Evnnt 

T#  -  0.00b 

0 

0.752 

INITIAL  DROP 

T,  =  0.350 

0.35 

0.752 

END  OF  INIT.  DROP 

Tj  -  0.534 

0.704 

0.752 

CONE  DEPLOY 

Tj  -  0.714 

0.100 

0.752 

TIME  TO  SNATCH 

T4  -  0.754 

0.040 

7.037 

TIME  TO  FILL  5  FT 

T,  -  14.354 

13.50 

10.74 

TRAJ.  WITH  5  FT 

Tft  .  14.504 

0.250 

0.04 

TIME  TO  SNATCH  15  FT 

Running  Tim 

At 

C„S  (FT2) 

E«m4 

Tr  -  14.752 

0.150 

50.54 

TIME  TO  OPEN  (REEF) 

T#  -  24.7514 

10.000 

50.04 

TRAJ.  (REEFED  15  FT) 

Tf  -  25.252 

0.M*i 

100.04 

TIME  TO  DISREEF 

Tjo  -  CONTINUE  RUN  UNTIL  ALTITUDE  OF  MOO  FT  B 
REACHED. 


NOTE  i  CHANCE  IN  (C0$)’$  ARE  LINEAR  CHANCES  WITH 
TIME. 


Fig.  12-1  (CqS)  vt  Time 


TABLE  12-3  CALCULATION  OF  DEPLOYMENT  TIME  -  16’  CONICAL  RIBBON  CANOPY 
(1)  (2)  (3)  (4)  (5)  (6)  (7)  (8)  (9)  (10) 

W 2'  >cvdll’  i  m 

1  * 

t  3.94x10^12  °-473«2  l+(2)  1+(3)  ln(4)  l"(5)  7^6)  V' 


0.2  7.88x10'*  0.0946  1.000788  1.0946  0.000788  0.0904  251.5  240  11.5 

0.25  9.85X10-4  0.1185  1.000985  1.1185  0.000985  0.112  314  296  18 
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Fig.  12-2  Velocity  ve  T  for  the  Filling-Time  Value* 
tf  ■  5.2  See 


0  to  1.  Dieue  values  ere  plotted  versus  T,  and  the 
area  ia  meaaured  under  the  curve.  If  the  correct  tf  wee 
assumed,  this  area  should  equal  the  volume  of  the  in¬ 
flated  canopy  that  ia  the  solution  of  the  integral  of 
the  left-hand  aide  of  Eq  12-11.  If  these  values  are  not 
equal,  another  tf  must  be  assumed  and  complete  cal¬ 
culation  muat  be  done  again.  Since  this  ia  a  lengthy 
procedure,  solution  for  tf  was  obtained  by  a  computer 
utiliang  Eq  12-10  and  12-11.  The  solution  ia  pre¬ 
sented  in  Fig.  12-2  aa  a  plot  of  velocity  versus  T  for 
the  filling-time  value  tf  >5.2  sec,  which  fit  Eq  12-11. 

To  solve  for  opening-shock  force  for  the  case  of 
vertical  descent: 

(12-12)  F  =_  A*  -  - 

g  it  gTf  dT 

where  F  >  FQ  —  W . 

Eq  12-10  ia  substituted  in  Eq  12-12  to  give 
(12-13) 

F LcJ  (C'tf-B't,  7V2-22.5v) 
tfg  yd  +  22.5  T J  f 

By  knowing  the  instantaneous  velocities,  v,  for  any 
vlaue  of  T  (obtained  from  Fig.  12-2),  Eq  12-13  can  be 
solved  lor  opening-shock  force.  This  calculation  ia 
shown  in  Table  12-4  and  a  graph  of  instantaneous 
force  versus  T  ia  shown  in  Fig.  12-3,  The  peak  value 
of  force  from  this  curve,  11,813.5  lb,  represents  the 
opening  shock. 


Fig.  12-3  Opening-Shock  Force  vs  Ratio  of  T  for 
100-ft-Diameter  Canopy 


SEC  4  DESIGN  CRITERIA 

4.1  Canopy  and  Sa sponsion-Lino  Omractorio- 

tict.  In  the  snatch-force  sad  opening-shock  calcu¬ 
lations,  the  canopy  and  saapeaaion-lina  charactcrin- 
tica  are  aeeumed.  Now  with  snatch  and  opening  cal¬ 
culations  complete,  the  aueponaion-line  strength, 
reefing-line  length,  and  poroaity  calculations  can  he 
made. 

Required  Suspension-Line  Strength. 

Design  strength  of  suspension  linen  >  Fa  a  Design 
Factor.  From  Table  7-1,  the  Design  Factor  -  2.91  for 
the  first  and  intermediate  chutes,  and  2.305  far  the 
finel-recovery  chute. 

6-ft  Hemisfio- 

Design  Strength  -  12,190  x  2.91 . 35,470  lb 

Design  Strength  per  line  -  -35£®s 

Number  of  Linen  20 

-  177*  lb 

2300-lb  lines  are  used  for  thia  canopy. 

16-ft  Conical  Ribbon  — 

Destpi  Strength  >  27,700  x  2.91  - 80,607  lb 

Design  Strength  per  line  -  2,519  lb 

in 

3000-lb  lines  are  used  for  this  chute. 

100-ft  Fist  Solid  Circular 
Design  Strength  -  11,813.5  a  2.305  >  27,230  lb 
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(13)  F  -F  +  W,V  +  (12)  6093.5  11,813.5  8,563.5  6023.5  4,643.5  3,983.5  3616.5  3009.5  2932.0  2910.8  2890.22 


Desip  Strength  per  line  •  -  22?  lb 

120 

375-lb  lines  are  used  for  this  chute. 

4.2  Roafing-Lina  Length -(16- ft  Canopy). 

D0  -  Nominal  diameter  of  unreefed  canopy  -  16  ft; 
Dflj-  Diameter  of  reefing  line  of  the  reefed  canopy; 
(CpS)ft  m  Drag  area  of  the  reefed  canopy  «  fiO  ft2; 

<Ctf)0  -  Drag  area  of  the  unreefed  fully  inflated  canopy 
-  100  ft2; 

C  m  Ratio  of  reefing-line  diameter  to  nominal  canopy 
diameter  ■  Mr  /D^; 

8  "  Ratio  of  reefing-line  diameters  /  D Ra  to 
varioua  drag  area  ratios  {C[)S)ft  /(Cr)S)0  ; 

(CP 50 
(C/yS)0  'lOO  "  0,5 

This  chute  has  32  gores;  therefore,  referring  to  Fig. 
12-1  in  Sec.  3,  C  •  0.631.  For  a  drag-area  ratio  of  0.5 
(see  3.6)  5  -  0.55. 

Hie  values  of  C  and  8  utilized  in  this  reefing-line 
length  calculation  were  established  for  flat  circular 
canopies.  The  lack  of  sufficient  data  to  eatabliah 
these  parameters  for  a  conical  canopy  necessitates 
the  use  of  values  of  C  and  8  above  in  this  calculation. 
It  is  felt  that  any  error  introduced  by  their  use  is 
small  and  therefore  can  be  neglected. 

With  this  data,  the  diameter  of  the  reefing-line  circle 
is 


nR  i  "  Do  5  C  "  (16)  (0'55)  <°-631) 

Dr^  -  5.56  ft 

So  reefing-line  length  erjunU 


ir  (5.56)  -  17.48  ft 
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SAMPLE  CALCULATIONS: 

DESIGN  EQUATIONS  FOH  HEMISPHERICAL  CANOPIES 


(a)  I  <iat  of  Symbol*: 


Percentage  of  /)  skirt  extension  (use  as  a  decimal  J^in  equations) 

Open  area  of  a  gore  including  vent  area 

Open  area  between  horizontal  ribbons  of  one  gore 

The  length  of  suspension  lines  divided  by  diameter  l> 

Horizontal -ribbon  width 
Itadial-ribbon  width 
Vent-line  width 
Vertical-ribbon  width 

Circumferential  distance  of  the  hemiaperical  portion  only  (skirt  extension  is  not  included)  measured 
along  the  radial  seams  from  skirt  to  skirt  over  the  apex 

Gore  width 

Gore  width  st  skirt  of  hemispherical  portion 

The  distance  between  radial  ribbon  centerlines  measured  along  the  centerline  of  the  nth  open  space 

The  average  width  of  each  open  space  between  horizontal  ribbons  after  the  width  of  the  vertical  (a)  and 
one  radial  ribbon  have  been  subtracted 

Gore  width  at  the  vent 

Gore  width  at  the  skirt  of  the  extension 

A  varying  increment  added  to  the  length  of  the  horizontal  ribbons  for  fullness 

Distance  along  the  centerline  of  a  gore  starting  at  the  skirt  of  the  hemispherical  portion  and  mea soring 
to  the  apex 

Distance  from  skirt  of  hemispherical  portion  to  the  centerline  of  the  nth  open  space  between 
horizontal  ribbons 

Distance  measured  from  the  skirt  of  the  hemispherical  portion  to  the  centerline  of  the  space  between 
the  vent  ribbon  and  the  adjacent  horizontal  ribbon 

Height  of  the  skirt  extension  measured  along  gore  centerline 

Maximum  height  of  a  gore  of  the  hemispherical  part 

Distance  from  the  apex  to  the  centerline  of  the  nth  space 

Length  of  vent  line  divided  by  two 

Number  of  gores 

Number  of  horizontal  ribbons 

Number  of  vent  lines 

Height  of  space  between  horizontal  ribbons 
Radius  of  hemisphere 

Total  enclosed  surface  area  including  all  open  spaces  between  ribbons 
Total  vent  area 
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Area  of  the  hemispherical  portion  of  the  canopy 
So  2  Area  of  the  akirt  extension 

UftS  Usable  ribbon  apace 

a  An  angle  varying  from  0  deg  to  90  deg  (see  Fig.  12-5) 
y  The  included  angle  between  adjacent  suspennion  lines 

\g  Geometric  porosity 

Note:  The  following  equations  are  useful  in  designing  a  solid  hemispherical  canopy  without  a  akirt  extension: 


Extension 


518 


lift-  I2-S  Dimensions  measured  on  Hemispherical 
Canopy 


Fif-  12-6  Dimensions  measured  on  Hemispherical 
Ribbon  Canopy 


(17)  i-  -  Zi  «  (.16)  _  70.5  _  22.5 

*  w  m 

(18)  eg  -  2r  .in  co.  o  -  2(17)  (2)  co.  a  -  2  x  22.5  x  0.156  x  cob  a  -  7.0  cm  a 

(19)  h  m  ra  con  —  -  (17)  (3)  a  -  22.5  x  0.988  a  -  22.2  a  when  0  S  *  <JL 

"  2 

(20)  *<nex  mr%  eom  —  -  (17)  (3)  £  -  22.5, 0.988  x£  -  34.9 

*  n  2  2 


The  area  per  half-gore  i.  calculated  by  integrating  the  balf-gore  width  (e^/2)  over  the  full  bei*t  (A)  or  from  o  -  0 
2 


2a 


coa  a)  (r  cos  Z?2)  da 

a 


r2  sin 


180 


con 


180 

a 


(22)  S„ 
°1 


(23) 


*b 


-  (17)  (17)  (2)  (3)  -  22.5 x 22.5  x  0.156  x  0.988  -  77.8 

2a  (21)  -  2  ,  20  x  77.8  -  3112 

2r  sin  252.  -  2  (17)  (2)  -  2x  22.5  x  0.156  -  7.0 
n 
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6.67 


(24)  e  -  2 bl)  sin  l  -2b  (If.)  (7)  -  2  «  2  «  70.5 . 0.02.17  - 

« z  2 

(25)  he  -  al)  cos  Z  -  a  (16)  («»  -  0.10  *  70.5  *  0.0'W  -  7.05 


(26) 


S0  f  -In  (rKi  i  r^)  bf  -  in  ^  (2:4)  ♦  (2t>J  (25)  -  L  „  20^7.0  +  6.67^  7.05  »  963 


(27)  S0  -S  4  S()  >  -  (22)  t  (26)  -  3112  +  063  -  4075 


(28)  /..  •*/  UJL-.  J  7~"~ 

t,^1bo~com 


TM 


where  s(J  »  l0!  .S’(| 


180  n 


L  .4pSLUl  .  J~M-  „  Jix 247  -  3.63 

1  1(2)  (3)  10.154 


A  vent  area  of  one  per  cent  of  the  total  canopy  surface  area  ia  the  standard  value  selected  for  this  computation. 
However,  a  check  should  be  made  to  insure  that  use  of  this  ores  permits  sufficient  vent  circumferential  distance  so 
the  radial  ribbons  do  not  overlap  near  the  vent.  This  rheck  can  be  made  as  follows: 

Required  circumferential  distance  »  Rftff  (n)  »•  )'«  (20)  -  25  in. 

Available  circumferential  distance  •  2 L  ain  !2P  (n)  -  2(3.63)  (0.156)  (20)  »  22.65  in. 

n 

Therefore,  in  this  case,  the  radial  ribbons  would  overlap  and  the  vent  linr  length  (f.(>)  must  be  increased.  The  calcula¬ 
tion  of  the  minimum  vent  line  length  (l.J)  required  to  insure  that  the  rudials  do  not  overlap  in  as  follows: 

25"  -  2  <£„)  nin  129  0.)  -  2  (0.156)  (20) 

n 

L%>  ’  40  (0. 156)  4  '*■ 

(29)  (Jug  -  hmikx  ♦  hg  -  l.v  cos  l-29  -  (20)  +  (25)  -  (28)  (3)  «  34.9  +  7.05  -  4.00  *  0.988  -  38.0 

ft 

(30)  R„  -  URS  zMM  (29)  -(liffft)(nifft)  _  38  — (2»13) 

S  ,  ,  «•  - - - - ~ —  in  -  1.0  in. 

In, fR  -  1)  (n„K  -  1) 

The  geometric  porosity  in  determined  by  finding  the  sum  of  the  open  area  of  a  gore  and  dividing  by  the  total  area  of 
the  gore.  This  is  easily  done  in  tabular  form  as  follows: 

(31)  SUMMATION  OF  'll  IF.  AVF.RAGF.  W I7TH  OF  TIIK  OPEN  SPACF. 

HF.TWF.FN  THE  RADIAI-S 


Space 

No. 

*c. 

(rid) 

(Jeg) 

cos 

a 

V* 

efoll 

1 

28.45 

1.28 

73.5 

0.287 

2,009 

0.26 

2 

25.45 

1.145 

65.6 

0.410 

2.870 

1.12 

3 

22.45 

1.01 

58.0 

.532 

3.724 

1.97 

4 

19,45 

0,875 

50.1 

.640 

4,480 

2,73 
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( 3 1 )  Continued 


'pace 

No. 

a 

(rad) 

(deg) 

COB 

a 

V* 

f'o/f 

5 

16.45 

0,74 

42.5 

.738 

5.166 

3.41 

6 

13.45 

0.605 

34.7 

.820 

5.740 

3.99 

7 

10.45 

0.470 

27.0 

.891 

6,237 

4.49 

8 

7.45 

0.336 

19.3 

.942 

6.494 

4.74 

9 

4.45 

0.20 

11.5 

.980 

6.860 

5.11 

10 

1.45 

.065 

3.7 

.998 

6.986 

5.23 

11 

6.94 

5.19 

12 

6.82 

5.07 

"°"a 

y?"!/  - 

43.31 

n  - 1 


Note:  Kor  higher  number  of  npaces,  calculation  is  carried  on  in  the 


aame  manner. 

K 

.  w  2  (bl)  cob  £  +  Wi/d  +  )  tun  1 

rgcs 12  2  ""  2  2 


:  £2.0 


2  HR  *  ~2 

*  70.5  x  0.990  ♦  2.0  +  O.sj  0.02374 


-  2  x  143.5  x  0.02374 
►  6. 82 

f  -  2(h/t  coa  I  +  2/fi in  +  R  )  tan  ^ 

S<-*1|  1  IIK  a  2 


.  2  x  |2  x  (70.5)  x  0.999  ♦  4.0  +  l.flj  0.02374  -  6.94 
(32)  Kxample  for  finding  the  hn'  a: 


'3 


‘1 


/  COB  129  *  R 
1  n 


R  (30)  1.0 

+  -i  .  (28)  (3)  ♦  B/Iif  +  y  -  4.0  x  0.988  +  2.0  +  y  ■  6.45 


<■«>  *can  -  *m.x  ~  *n  *  <*»  - *a  -  34‘9 ' 6  45  '  28  45 


(34) 


a  - 


"ca 


(33) 


28.45 


r  conH®  “  (17)  (3)  ’  22.5  x  0.988 
a 

180 


-  1.28 


(35)  e  -  2r  ain  l!?  con  a  -  2  (17)  (2)  cob  a  -  2  x  22.5  x  0.156  *  0.287  -  2.01 
n 


(37)  A 

(38)  Vent  c 


V* 


-  rrr  -  rvr1  ~  rvr2  •  ■  ■  '  RVR 


*.  £■*  v» 

n  »  1 


2.01  -  1.25  -  0.25  -  0.25  -  0.26 
(30)  (31)  -  1.0  x  43.31  .  43.31 


loaed  Area  (per  gore)  -  2^-/.„  *=  2  [~  (40)  -  ^  fj  “  2" 


(39)  Vent  open  area  (per  gore)  -  a0  -  Vent  closed  area 


/,  2  ain  l8®  coh 
v  n  n 


If®  -(38)  *  (4)2  (0.156)  (0.988)  -  2.11  -  2.47  -  2.11  -  0.36 


(42)  A. 


'  AoH  4 

Vent  open  area  (per  gore)  - 

(37)  +  (39)  -  43.31  + 

0.36  -  43,67 

Ao 

-  -  X 

V" 

(40) 

100  -  —  x  100  - 

43.67 

203.47 

x  100. 

21.5* 

[->(»»  (Ml 

Knx  - 

Lv  cos 

!»>J 

A  ** 

L  (20  —  (28)  (3)J 

-  0.125 

x  4.0  x0. 156  x  22.2  a] 

134.9  -  4.0  x  0.988 

J 

r.  t  a  im 

The  gore  coordinates  lor  lay  oat  are  given  in  ubalar  form. 

m 

a 

(deg) 

(rad)  co* « 

A 

et 

<ieg 

e«+Ae« 

i(eg  +  A 

O 

90 

1.5708  0.0 

34.9 

0 

(L 

80 

1.3983  0.1736 

31.1 

1.22 

0.155 

1.375 

0.688 

70 

1.2217  0.3420 

27.1 

2.40 

0.135 

2:535 

1.268 

60 

1.0472  0.5000 

23.3 

3.50 

0.116 

3.616 

1.808 

50 

0.8727  0.6428 

19.35 

4.50 

0.097 

4.597 

2.298 

40 

0.6981  0.7660 

15.50 

5.36 

0.078 

5.438 

2.719 

30 

0.S236  08660 

11.60 

6.07 

0.058 

6.128 

3.064 

20 

0.3491  0.9397 

7.75 

6.58 

0.038 

6.618 

3.309 

10 

0.1745  0.9848 

3.88 

6.90 

0.019 

6.919 

3.459 

0 

0  1.00 

0 

7.00 

0 

7.00 

3.50 

*«2 

'-7.05 

3.34 

The  coordinates  of  the  akirt  extension 

are  obtained  Item  trigonometric  relations  (Fig.  l! 

Plot  A  as  the  csaterliae  of  llw  gore  against  (g^  + 


16-Ft  Conical  Ribbon 

POROSITY  CALCULATION  FOR  RIBBON  CANOPIES 


(a)  Liat  of  Symbols 


bhr 

Horixostal-ribboo  width 

(inch) 

brr 

Radial-ribbon  width 

(inch) 

bvr 

Vertical-ribbon  width 

(inch) 

bvl 

Vent-line  width 

(inch) 

Do 

Nomiml  caaopy  diameter 

(ft) 

•g 

Bane  width  of  gore 

(inch) 

V 

Gore  width  at  vent 

(inch) 

*« 

Actual  constructed  height  of  gore 

(inch) 

*. 

Height  of  gore 

(inch) 

Length  of  gore 

(inch) 

a 

Number  of  gores 

"//l? 

Number  of  horixontal  ribbons 

*o 

Area  of  vent 

(inch2) 

Sc 

Area  of  gore 

(inch2) 

SHR 

Area  covered  by  horixontal  ribbons 

(inch2) 

So 

Total  aurface  area  of  canopy, 
including  slots  .and  vent  (vent  not 
included  if  larger  than  0.01  SQ ) 

(ft2) 

SRB 

Area  of  reinforcing  bands 

(inch2) 

522 


SRR 

Area  covered  by  radial  ribbons 

(inch2) 

a 

Cone  angle  for  conical  canopies 

(degree) 

STC 

Total  closed  canopy  area 

(inch2) 

p 

Apei  angle  of  gore 

(degree) 

sro 

Total  open  canopy  area 

(inch2) 

Geometric  canopy  porosity 

(per  cent) 

SVR 

Aren  covered  by  vertical  ribbons 
(not  including  area  overlapped  by 

(inch2) 

horizontal  ribbons) 


(b)  Factors  and  Kqaations. 

Nominal  diameter  D(}  16  ft 
Naaiber  of  gores  (a)  *■  32 
Conical  angle  (a)  -  20  deg 


I.  Gore  Diaieasioae: 


(1)  St: 


144  z  S  _£.  -  36a  !£  -  904  ia.2 
4  a  32 


(2)  (coo  a)  sis  15?  -  (cos  20)  (aia  5.63)  -  0.9387  s  0.0981  -  0.0922 

ft 

(3)  £  •  sin"'  (coo  a)  aia  —  ■  aia**  (2)  »  sin'*  (0.0922)  -  5.29° 

2  a 

(4)  cos  £  -  cos  (3)  •  cos  5.29 . 0.9957 

2 


(5)  t 


-  ? 


-  taa  (3)  -  taa  5.29°  -  0.0926 


(«) 


4^r-^04- _ y^o 

faiafi  cos  P  T(2)  (4)  f 0.0922  z  0.9957  Y 


99.30  ia. 


(7)  ~  Lnm mP  -  (6)  (2)  -  9.15  ia. 

2  2 

(8)  *  .  (/.„)*  (cosiL)  -  (6)  (4)  -  99.30  z  .9957  -  99  in. 

"  2 


(9) 


_L  S/-  -  I*  (1)  -  0.01  i  904  -  9.04  ia.2 


100 


97.6  -  9.88  ia. 


(12)  ka-  hg  -  kv  -  (8)  -  (10)  -  99  -  9.88  -  89.12  ia. 

(13)  /  -  — S/o  *=  -  ■  ?,8B  -  9.92  in 

'  *  co»  Pn  (4)  0.9957 


II.  Calcalatioa  of  Closed  Area: 


(14) 


Radial  rtbboa  width  (Add  )  2 

_ _ — — -  m  —  m  ]  ia 


Fig.  12-7  Diagram  of  Half -Gore 
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(15)  _i 
2 


e.  1/2  Rnk  t  v  (14) 

_£  -  _ ™  -  (7)  -  —  -  9.15  - 


1 


ii6)  la  - 


2 


~Jf 

con  [_ 

2 

1/2  B  RR 

co«£ 

2 


(4) 


0.9957 


1 


(14) 

(11)  _  —  „  0.914  - 

(4)  0.9957 


(17)  h 


*1 


(18) 


1 

tun  & 

2 


±. 

tan| 

1 

n  — 

(5) 


(115) 

(5) 


8.148 

0.0926 


-  87.95  in. 


1 


0.0926 


10.80 


Four  vertical  ribbons  per  gore  are  utilized. 

*  X 


ll 


(18  x  (e  | )  -  10.80  x  2.806  .  30.31  in. 
(18)  x  (e2)  -  10.80  x  6.369  -  68.70  in. 


*  Vj  -  (18)  x  {ejJ  «  . x 

*  X4  -  (18)  x  (e4)  -  .  x 

*  *5  -  (18)  x  (e5)  -  .  x 

*  *6  -  *« 


Fig.  12-8  Vertical  Ribbon  Placement  on  Half-Gore 


*  If  an  even  number  of  ribbona  ia  uaed  in  the  full  gore,  disregard  calculations  of  Ag  or  its  equivalent.  (Number  of 
lengths  to  be  found  dependent  on  oumber  of  ribbona  uaed  in  1^2  gore. 


(19)  Area  of  radial  ribbon  (S^)  "  j(6)  —  ( 13)J 

(20)  Number  of  horizontal  ribbons  (n^)  -  26 


(14) 


jw.3  -  9.92J 


x  1  -  89.38  x  1  -  89.38  in. 


(21)  Horizontal  ribbon  width  (Bfjft)  «  2  in. 

(15)  +  (16) 

(22)  Average  horizontal  ribbon  length  ■ 


8.148  +  (0) 


-  4.074  in. 


2  2 

(23)  Horizontal  ribbon  area  (S^)  ■>  (22)  (21)  (20)  -  4.074  x  2  x  26  «  212  in.2 

(24)  Total  spacing  -  (12)  -  (20)  (21)  .  89.12  -  (26  x  2)  -  89.12  -  52  -  37.12  in. 

(24)  37.12  37.12 


(25) 


»  1.482  in.  per  space 


(20)-  1  26  -  1  25 

(26)  (25)  +  (21)  -  1.482  +  2  -  3.482  in. 

(27)  Vertical  ribbon  width  R yq  0.5625  in. 

*1  30  31  „/  X  . 

Spaces  covered  by  X  j  «  —  ■  ■  ■  9.0  Ucj)  * 

(26)  3462 
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Space*  covered  by  ,Vo  - 


Space*  covered  by  A' 3  » 


Space*  covered  by  ,V  4  - 


Space*  covered  by  dfjj  *■ 


Space*  covered  by  Yg  « 
*  Uae  nearest  whole  number. 


(26) 

*3 

(26) 

^4 

(26) 

*5 

(26) 

*6 

(26) 


68,70 

3.482 


3.482 

3^482 


3.482 


3.482 


20.0  (ac2)  * 

.  .  .  (*,j)  * 

.  .  .  («c4)  * 

•  •  •  ^rs)  * 

.  .  .  (scg)  * 


Kxposed  area  covered  by  ,Vj  »  (sc  j)  (27)  (25)  »  9,0  x  0.5625  x  1.482  ••  7.5  in. 2  (Si>j) 

Kxposed  area  covered  by  ,Y2  *  UC2)  (27)  (25)  -  20.0  x  0.6626  x  1.482  »  16.68  in.2  (St^) 

Kxposed  area  covered  by  T3  «  (sc 3)  (27)  (25)  >*  . x  .  x  =  .  jn.2  (Sv^) 

Kxposed  area  covered  by  V4  -  (sc 4)  (27)  (25)  «  . x  .  x .  «  ..  .  in.2  (Si>4) 

Kxposed  area  covered  by  Y5  »  (sc^)  (27)  (25)  -  . X .  x  .  -  .  in.2  (St’g) 

Kxposed  area  covered  by  Yg  -  (scfi) (27)*(25)  «  . x .  x  .  >  .  in.2  (St>g) 

2 

*  Divide  by  2  O'  ly  if  odd  number  of  ribbons  are  used. 

(28)  Total  24.18  in.  = 

(24)  Vent  closed  area  -  <^)  (13)  -  -  .375  x  9.92  -  -l'.75**  ,  „  3  72  0?f 

2  R  (5)  8  x  0.0426  <£“ 0,076  “ 


III.  Porosity 


(30)  Total  closed  area  (Sy^)  «  (19)  89.38 

+  (23)  212.00 
+  (28)  24.18 
+  (29)  3.644 

Total  329.204  in.2 


(31)  Total  open  area  (STO) 

(32)  Geometric  porosity  (A^) 


(1)  ,  %  0 

y  -  (30)  -  452  -  329.204  -  i22.756  in.2 


2(31)  „  100  x  1 22.796 

— —  x  100  -  2  - -  27% 

(1)  904 


3.644. 


525 


4.3  Porosity  Colewlotion.  1’orotii'/  ha*  to  be 

calculated  for  ribbon  parachute*.  The  calculation  lor 
the  6-ft  Hemirflo  canopy  ia  aa  example  of  the  method 
aaed  for  a  curved-pore  parachute,  and  the  calculation 
for  the  porosity  of  the  16-ft  conical  ribbon  caaopy  ia 
aa  example  of  the  meth  ad  used  for  a  *  freight- pore  type. 
The  poroaity  d  the  solid  flat  circular  pamchute  ia 
a  characteriotic  of  the  cloth  chosen  for  the  canopy, 
and  need  not  be  calculated,  aince  it  ia  usually  already 
known.  The  Anal  recovery  parachute  uaea  l.l-ox- 
Nyloa  cloth.  The  poroaity  (ia  terms  of  permeability) 
of  thin  cloth  ia  80  to  120  cfm  per  sq  ft  at  1/2  ia.  of 
water. 

The  (alcalatioaa  for  the  poroaity  of  the  two  ribboa 
parachutes  are  presented  <m  standard  calculation 


sheets. 

4.4  Construction  Specifications.  Based  on  the 

results  of  these  calculations,  construction  details  of 
the  three  parachutes  uaed  are  given  in  the  tcbles  be¬ 
low. 

The  first- a  tape  stabilisation  parachute  has  a  6-ft 
Hamisflo  ribboa  caaopy.  Table  12-5  lists  the  coaetruc- 
tioa  details  for  this  parachute. 

The  aeroad-stage  parachute  has  a  16-ft  coaical  rib¬ 
boa  caaopy.  Table  12-6  lints  the  construction  details 
of  thia  parachute. 

The  final-recovery  chute  has  a  100- ft  solid,  flat, 
circular  caaopy.  Table  12-7  liats  the  construction  de¬ 
tails  of  thia  chute. 


TABLE  12-5  CONSTRUCTION  DETAILS  OF  6-FT  HEMISFIi)  PARACHUTE 


Item 

Name 

Ply 

Width,  ia. 

Break 

Streaiph,  1b 

Specification 

1 

Horixoatal  ribbon 

1 

2 

460 

Mil-T-5608E 

2 

Radial  ribboa 

2 

1  1/4 

185 

Clans  D,  Type  D 
Mil-T-5608E 

3 

Vertical  ribboa 

2 

1/4 

22 

Class  C,  Type  IV 
MU-T-5606E 

4 

Skirt  reinforcing  head 

1 

1 

1000 

Class  B,  Type  1 
Mil-T-5038 

5 

Vent  reinforcing  band 

2 

1 

Type  IV 
Mil-W-5625 

6 

Vent  line 

1 

3/4 

2300 

Mil-W-5625 

7 

Suspeaaioa  line 

1 

3/4 

2300 

Mil-W-5625 

8 

Pocket  band 

— 

TABLE  12-6  CONSTRUCTION  DETAILS  OF  16-FT  CONICAL  RIBBON  PARACHUTE 


Item 

Name 

Ply 

Width,  ia. 

Strength,  lb 

Specification 

1 

Horixoatal  ribbon  No.  1-18 

1 

2 

1000 

Mil-T-5608  Clans  E  Type  II 

2 

Horixoatal  ribbon  No.  18-26 

l 

2 

460 

Mil-T-5608  Class  D  Type  II 

3 

Radial  ribbon 

2 

2 

1000 

Mil-T-5608  Clans  E  Type  II 

4 

Vertical  ribbon 

2 

9/16 

500 

Mil-T-5038  Type  V 

5 

Radial  seam  reinforcing 
webbing 

1 

3/4 

3000 

Mil-W-27657  Type  1 

6 

Skirt  reinforcing  bund 

1 

1-23/32 

3600 

MU-W-4088D  Type  VIII 

7 

Vent  reinforcing  band 

2 

1-23/32 

3600 

MH-W-40B8D  Type  VRI 

8 

Vent  line 

1 

3/4 

3000 

Mil-W-27657  Type  1 

9 

Suspension  line 

1 

3/4 

3000 

Mil-W-27657  Type  1 

10 

Reefing  line 

1 

1 

6000 

MU-W-4088D  Type  XVM 

11 

Pocket  bands 

1 

1-23/32 

3600 

MH-W-4088D  Type  VIII 
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TABLE  12-7  CONSTRUCTION  DETAILS  OF  100-FT  FLAT  CIKCII1.AH  PARACHUTE 


Item 

Name 

Ply 

Break 

Strength,  lb 

Width,  in. 

Specification 

1 

Cloth  surface 

1 

Mil-C-7020D  (Type  1) 

2 

Skirt  reinforcing 
bands 

1 

3500 

1 

Mil -W -5625 

3 

Vent  reinforcing 

bands 

1 

8700 

1 

MU-W-4068D  (Type  X) 

4 

Vent  line 

1 

375 

MH-C-5040B  (Type  II) 

5 

Suspension  line 

1 

375 

M11-C-5040B  (Type  II) 

6 

Pocket  bands 

I 

1000 

1 

Mil-T-5038B  (Type  IV) 

4.5  Packing  Volwna  (Pressure  Packing  ). 

Knowledge  of  the  weight  of  each  parachute  along  with 
the  preaaare  used  in  the  packing  of  the  parachutes 
permits  computation  of  the  parachute-rompartmeat 
volume  required. 

The  dimensions  of  the  nvailable  cylindrical  apace 
for  packing  the  decelerater  system  are:  Diameter  -20  in. 
Length  -  4.0  ft.  Hierefore  the  available  packing  vol¬ 
ume  is 


Volume 


woh 

~T 


(a)  (20)2 

(144)  (4) 


(4.0) 


-  8.74  cu  ft 

’Hie  total  weight  of  the  canopies  ia:  7.2  4  90.0  4  210.0 


-  307.2  Ih.  Referring  to  Fig.  7-4  of  Chapter  7,  an  aver¬ 
age  pack  deaaity  of  20  lb  per  cu  ft  for  hand  packing  in 
selected  to  determine  if  this  method  of  packing  is 
sufficient. 


Volume 


307.21b 
20  lb  per  cu  ft 


15.36  ft3 


This  calculation  indicates  pressure  packing  will 
be  needed  to  pack  the  decelerotor  system  ia  the  space 
available.  Referring  again  to  Fig.  7-4  of  Chapter  7; 
and  na naming  a  pressure  of  80  pai  will  be  ntilized  ia 
the  packing  of  the  canopies,  a  corresponding  pack 
density  of  42  lb  per  cu  ft  ia  obtained.  This  value  of 
pack  deaaity  is  used  to  calculate  the  pack  volume  of 
the  caaopiea  as  shown  ia  Table  124, 


TABLE  12-8  PACK  DWI9TY 


Parachute 

Pack  Density 
lb/ft3 

ft,  lb 

Volame,  cu  ft 

6'  llemiaflo 

42 

7.2 

0.17 

16*  Conical 

42 

90.0 

2.14 

100'  Hat  Circular 

42 

210.0 

5.00 

Total 

307.2 

7.31 
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CHAPTER  13 
SPECIFICATIONS 


MH.-A-8118R  Aerial  Delivery  Kit  Assembly,  Car¬ 
go,  General  Specification  for 

MII.-A-8865  Airplane  Strength  and  Rigidity,  Mia- 
eelluneaUM  I  oads 

CCC-C-419  Cloth,  Cotton. Duck.  I'nblearhed,  I’lied 
Yarns  (Army  and  Numbered) 

Mil .-C-4232A  (1'SAH  c.ord  Itayon,  Without  (lore. 
Braided 

MH.-C-4279A  U'SAI)  Cloth.  Cotton.  Muslin 

Mil .-C-5040B  (  ASG)  Cord.  Nylon 

Mil .-C-6346A  Container  Kit,  Aerial  Delivery,  Type 
A-22 

MU .-C-6596C  Container,  Aerial  Delivery,  Rescue 
Kadio  and  Accessories,  Metal,  Type  4-20 

M11.-C-6635B  (1)  Canopy,  Parachute.  MST  Ribbon, 
General  Specification  for  Conntruction  of 

MI1.-C-7020D  Cloth,  Nylon,  Parachute 

MII.-C..721QH  Cloth.  Nylon,  Duck.  Plied  Yurns. 
Cor  Parachute  Packn 

MU .-C-7350C  (ASG)  Cloth,  Nylon,  Parachute,  Cargo 

MII.-C-7515IMIISAF)  c.ord.  Nylon,  Corelena 

MII.-C-7554  (1)  Container  Kita,  Aerial  Delivery 

MU.-C-8006A  (ASG)  Cloth,  Rayon,  Parachute  (Non- 
Peraonnel) 

MII.-C-8021D  (ASG)  ('loth.  Nylon,  Parachute,  Drag 

MII.-C-R121  Canopy  lower  Parachute  free  hall, 
Type  J-l  (Superaedea  40713-A) 

MII.-C-8137  Canopy  Tower  Parachute,  Controlled 
Call  Type  J-2  (Superaedea  40745) 

MU.-C-9401A  Canopy,  Parachute,  Ring  Slot,  Gen¬ 
eral  Specification  for  Construction  of 

MII.-C-10362  Cutter,  Reefing  1  ,ine. M2 

MH.-C-10967  Cutter,  Reefing  I, ine, M2,  Metal  Parta 

for 

MU.-C-25174  (IJSAC)  Cloth,  Dacron,  Drag  Parachute 

Mil ,-  C.-2531 2  (IJSAC)  Cloth,  Dacron,  Parachute 

MH,-D-7626(1)  Drop  Kit  Components,  Heavy,  Pack¬ 
aging,  Packing  and  Marking  for  Shipment  of 


MII.-D-9056  (2)  Decel  ••intion  Parachute  Systems, 

Aircraft,  General  Requirements  for 

Mil  ,-k-592(>D  (2)  Cxtrutlion  Kit,  Aerial  Delivery, 
Cargo,  Type  4-1 A 

Mil. -11-7195  (1)  Hardware,  Parachute.  General  Re¬ 
quirements  for 

Mil. -11-7750  (!)  Ilouaing,  Parachute,  Ripcord 

Mil, -11-9884  Honeycomb,  Material,  Cushioning, 
paper 

Mil ,-1-69034  (1)  Ink,  Marking  (Cor  Parachutes  and 
Other  Textile  Itemr  l 

Mil. -1-8063  Ink.  Marking 

G0-P-115  Parachute,  Meteorological 

Mil, -P-5374 A  Parachute,  Cargo,  Type  G-8 

Mil  .-P-56 10B  Parachutes  and  Parachute  (  Component 
Parts,  Packaging  and  Packing  for  Domestic 
and  Overseas  Shipment  of 

MP.,-P-5905A  Parachute,  Ribbed  Guide  Surface, 

General  Specifications  for  Construction  of 

Mil  .-P-59 15C  Parachute,  Cargo,  100  ft  dia  ,  Tvpe 

G-11A 

MII.-P-6031  Parachute,  experimental,  Inspection 
and  Tenting  of 

MII.-P-6364A  Purachule,  Aerial  Cargo  Delivery, 

Type  G- 1 A 

MII.-P-6634DO)  Parachute,  Cargo,  500-lb  Capa¬ 

city,  Type  G-13 

MII.-P-6645D(2)  Parachutes,  Personnel,  General 

Specification  for 

Mll.-P-7567(1)  Parachutes,  Personnel,  Detail  Manu¬ 
facturing  Instructions  for 

MI1,-P-7620A(2)  Parachutes,  Cargo,  General  Speci¬ 
fications  for 

MI1.-P-8322  Parachutes,  Personnel,  Assembly  and 

Rigging  Instructions 

Mil, -P-97 27  Parachute, Meteorological  MIL-524-DMQ 

MIL-P-10595A  Parachute  Assembly,  For  Shell, 

81-MM,  Illuminating,  M301 

Mil. -P-1 1126 A  Parachute  MI .-132 


MI! -I*.  12855  Parachute,  Cargo  (I'urachulr  PC- 109) 
(AH) 

Mil  .-P-13342H  Parachute  and  Container,  Bomb, 

io  ;t ,  M,i 

M11.-P-179420)  Parachutes  and  Parachute  Com- 
ponenta.  Personnel,  General  Specifications  for 

MIL-P-18545  |  ’araehutes,  Paper,  for  Pyrotechnic 

Signals 

MU, -P-20 37 4  Psrachutc-Un<ts,  M6  and  M7,  forG.P. 

Bombs 

Mil, -P-20 408  Parachute  Units  for  Bombs 

M1I.-P-20516  Parachutes  for  Bombs 

MI1.-P-21904  Parachutes  for  Underwater  Mines, 

Geneml  Specification  for 

MIL-P-25062A  Parachute  Recovery  Systems,  Mis¬ 

sile  sad  Drone,  General  Requirements  for  De¬ 
velopment  of 

MIL-P-25373  Parachute  Assembly,  Meteorological 

Balloon  MX- 1704-DMQ 
(Supersedes  M1L-P-25108) 

M1L-P-25387  Parachute,  Cargo,  28  ft  ,  Diameter, 

350  Pound  Capacity  Type  MA-2 

MIL-P-25716A  Parachute  System  ffeavy  Duty,  Gen¬ 

eral  Specification  for 

MII,-R-5335F(1)  Release,  Parachute  Ripcord,  Auto¬ 

matic  Type  F-1A 

MII,-R-5897A(1)  Releaae,  Parachute  Harness, 

Quick.  Type  B-2A  (Supersedes  40940) 

MIL-R-636i(l)  Releaae  Kit  Assembly,  Aerial  De¬ 

livery  Container,  Type  A-l  (Supersedes 
MIL-R-6459) 

MIL-R-21468  Release,  Parachute  Ripcord,  Auto¬ 

matic 

MII,-R-25565A(1)  Releaae,  Parachute  Ripcord, 
Automatic  Type  F-IB 

MII.-R-27211A  Release,  Cargo,  Parachute,  500- 

Pound  Capacity,  Type  MA-l  (Release,  Auto¬ 


matic,  Cargo  Parachute,  500-Pound  Capacity 
Type  MA-l) 

DDD-S-751  Stitches,  Seams,  and  Stitching 

MII,-T-5038C  Tape  and  Webbing,  Textile,  Rein¬ 
forcing  Nylon 

M!?.-T-560BF(ASC)  Tape, Textile, Nylon,  Parachute 
Canopy 

MII.-T-566GA (ASG)  Thread,  Cotton,  Iligh-Tenacity 

Mil , -T -5661 B  Tape  and  Webbing,  'textile,  Cotton 

Reinforcing,  Woven 

MI1.-T-5663A  Tape,  Textile  (Parachnte  Construc¬ 
tion) 

MII.-T-6134B  Tape,  Textile,  Nylon,  Parachute  Con¬ 
struction 

MII.-T-7807B  Thread,  Nylon 

MII.-T-R363A  (USAF)  Tape  and  Webbiag,  Textile, 
Woven,  Nylon 

MII.-T-40040A  Thread,  Polyeater 

Mil .-W-4088D (USAF)  Webbing,  Textile,  Wovea  Nylon 

MII/-W-005625C  (USAF)  Webbing,  Textile,  Nylon 
Tubular 

MI1.-W-5665D  Webbiag.  Textile,  Cottoa  Warp 

M1I.-W-5666A  Webbing,  Textile,  Nylon,  Multiple 
Tubular 

MH.-W-5787C  Webbing,  Textile,  Nylon,  Heavy  Duty 

MIL-W-9049H(ASG)  Webbing,  Textile.  Nylon,  Lock¬ 
ing  Imp 

MII/-W-25339A  (ASG)  Webbing,  Textile,  Polyester 

MII.-W-2S361  (USAF)  Webbing,  Textile,  ’'Dacron”, 

Iiow  K.longption 

MIL-W-27265UJSAF)  Webbing,  Texjle,  Woven  Ny¬ 
lon,  Impregnated 

MII^W-27657  (USAF)  Webbing,  Textile,  Wovea  Ny¬ 
lon,  for  Decclerators 

MS-22006  Release  -  Parachute  Canopy  Quick  Dis¬ 
connect 
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Accelerometers,  495 
Actuating  devices,  411-421 
Adapter**,  408 

Aerospace  vehicle  recovery,  297-205 
Low  dynamic  pressure  regime,  100 
High  dynamic  pressure  regime,  100 

Aircraft 

In-flight  tow  teating,  463 
Landing  approach,  313 
Landing  deceleration,  307 
Landing  roll,  calculation  of,  311-313 
Hunway  tow  teating,  463 
Used  for  air-drop,  282 

Air-drop,  280-293 

Air-drop  parachutea 
Canopies,  288 
Extraction  parachutea,  288 
Deployment,  292 
Design  requirements,  284-288 

Airfoil  canopy,  99 
Angular  velocity,  234*240 
Anti-spin  parachute,  295-29/ 

Anti-toppling  devices,  290 

Applications  for  aerodynamic  decelerators,  275-136 
Aerospace  vehicle  recovery,  297-105 
Aircraft  deceleration,  305-31 6 
Air-drop,  280-293 
Personnel,  119-131 
Special  weapons,  317-319 
Stabilization,  293-297 
Target,  131-135 

Atmosphere 
Earth,  122-129 
Mura,  130-131 
Venus, 129 

Halloon,  carrier,  452 
Ballute,  101 
Hands,  pocket,  386 
Barnes,  Hichard,  8 
Bins,  441 


Klanchurd,  Jean  Pierre,  3 
Hourgct,  5 
Cabinet,  drying,  438 
Canopy, 

Aerodynumic  heuting,  252-259 
Apparent  muaa,  153 
Applications,  6 3-112,  275336 
Construction,  395-403 
Design,  359-394 
Deployment,  170-372 
Drag  coefficient,  66-6 7 
Killing  lime,  150-163 
Geometry,  168-369 
Gliding,  172-173 
Idealized  shape,  150-151 
Included  mass,  153 
Layout,  396 
leading,  .363-365 
Materials,  137-358 
Opening  force,  159,  162-164 
Opening  shock  factor,  164 
Oscillation,  66-67 
Reliability,  259-271 
Snatch  force,  141-149 
Stability.  224-252 
Stress  analysis,  198-204 
Total  mans,  153 
Types,  66  ff 
Volume,  170 
Weight,  170 

Cayley,  Sir  George,  4 
Clevises,  410 
(.loth  material,  353-356 
Cloth  permeability,  353-356,  369 
Clustering  effects,  181 

Coefficients 

Drag,  66-67,  367 
Moment,  226,  230-233,  235 
Normal  force,  226,  230-234 
Orifice,  430 
Tangential  force,  165 

Cocking,  Robert,  4 


Compartment.  pararhutr,  102-301 

Compartment  ilimi  ri  Iruse,  419 

Component  (rating,  laboratory,  471,  470-477 

Conical  ribbon  canopy,  H7,  182 

Conical  aolid  cloth  canopy,  70 

Connector  links,  408 

Control  HVHtrms,  104-105,  421-428 

Convrraion  factors,  14 

Cord  line  profile,  198-201 

Cord  material,  151 

Cu*  Lnivea,  410 

Catting  of  canopy  material,  190 
da  \inci,  Leonardo,  2,  4 

Decelerators,  aerodynamic,  0 1-112 
Inflatuble,  conical,  101 
Inflatable,  spherical,  99 
Parachute  canopies,  08-99 
Hotor  blade  type,  100 
Spherical  segment  type,  104 

Deployment 

Hags,  172,  189-19J 
Of  canopies,  170-172 
Of  pilot  chutes,  172 
Speed  limitations,  0 8-99,  1o7 

Descent 

Characteristics  of  canopies,  170-174 
Rale  of,  173-174 

Displacement,  measurement  of,  490 
Drop 

Aerodynamic,  105-182 

Area  of  canopies,  10 0 

Area  control,  183-188 

Coefficient,  107 

Coefficient  of  canopies,  00-07 

Kfficicncy,  109-170 

Mach  number  effects  on,  174-179 

Of  squidded  canopy,  107 

Of  system,  218-224 

Reynolds  number  effects  on,  179-181 

Wake  effects  on,  210,  217 

Drag  producing  surface 
Construction  of,  174-177,  195-401 
Strength  of,  375-377 

Drying 

Cabinet,  418-439 
Tower,  418 

Dynami’  pressure,  105,  108 
effective  drag  coefficient,  170-174 


Kffective  porosity,  131-141 
K  jeetion 

Hardware  for,  420-421 
Methods  for  uir-drop,  284 
Seul  stabilization,  295 

Kftiergrncv  escape  capsule  stabilization,  295 

environment,  effect  of,  on  materials,  140-141 

hquifln  canopy,  89 

K spendable  materials,  344 

hxtended  skirl  canopies,  74,  181 

Kut  ruction  parachutes,  288,  291 

I'  tiling  time,  150-101 

l  inal-sluge  recovery  parachutes,  100-101 

I4' ini te  muss  operating  conditions,  149-102 

flat  circular  ribbon  canopy,  85,  181 

I'Tat  circular  solid  cloth  canopy,  08,  179 

Kiat  non-circular  canopies,  99 

Mutation,  105 

Mow,  measurement  of,  492 

Voter 

Opening  shock,  1 59,  102-104 
Snatch.  141-149 

Garneri.4'  Andrew  Jacques,  1-4 
Gliding  ctnopy,  172-173 
(lore 

Centerline  profile,  198-201 
Design.  177 

Ground  impact 

Shock  absorption,  305 
Shock  attenuation  devices,  428-435 
g-Switches,  426 

"Guardian  Angel"  parachute,  6 

Guide-surface  canopies 
Personnel,  81,  379 
Ribbed.  79,  380 
Ribless,  77,  380 
Ribless,  modified,  83,  380 

Hardware 

Actuating  devices,  411-42, 

Adapters,  408 
Clevises,  410 

Compartment  door  release,  419-420 

Connector  links,  408 

Control  devices,  421-428 

Cut  knives,  410 

Disconnects,  411-414 

Display  board  of,  for  sir-drop,  409 
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Ljcclion  devices,  420-421 
g-Sw  itches,  t'Jh 

Ground-impact  shock-iittenuiition  drvitrH,  128-415 ! 

Pressure  switches,  426- t2N 

Iteefing  line  cutters,  ti  t- UN 

lleefing  rings,  410 

Iteleases,  tll-tlt.  tlH-119 

Kings,  408 

Snuphooks,  410 

l  iming  devices,  121-126 

Harness,  personnel  parachute,  128,  130-111 

Heating,  aerodynamic,  252-259 

lleincke  Sack  parachute,  ft 

Heinrich,  Helmut  (■.,  H 

Hemiaflo  canopy,  NO 

Hems.  197-402 

llengler,  Lorenz,  4 

High  temperature  muteriaU,  It'j 

Infinite-muHN  operating  condition*),  1 62 

Inflatable  deceleratora,  99-106,  298-299 

In-flight  deceleration  parachute,  '111-116 

Inapection 

Facilities,  t'19-442 
Tablea,  tiO-441 

Instrumentation  for  t'sting,  490-498 

Inatrumenta,  recording,  aelf-contained,  402-495 

Joints,  strength  of,  402-401 

keepers,  1H9 

Knucke,  Theodore,  8 

Knives,  cut.  410 

Kuparento,  Tordaki,  4 

Landing,  simulation  of  conditions,  477 

Landing  deceleration,  aircraft,  107 

Landing-impact  shock-absorption,  105,  428-415 

Layout,  canopy,  396 

Mach  number  effects  on  drag,  174-179 

Madclung,  (!.,  8 

Magnetic  tape  datu  recording,  496-497 
Marking,  for  canopy  construction,  396 
Mass 

Apparent,  151 
Included,  153 

Materials 
Lord,  151 
Hardware.  408-411 


High  temperature,  142 
Light  weight,  141 
Tape,  148-150 
Thread,  151- 151 
Webbing.  145-148 

McLomh,  William,  8 

Modular  system  for  air-drop,  288 

Moment  coefficients,  226,  210-211,  235 

Moment  of  inertia,  appurent,  240-242 

Montgolfier,  Joseph,  1 

Normal  force  coefficients,  226,  210-234 

Opening 

Critical  conditions  for,  167-168 
Forces,  14l-l(tt 
Shock  factors,  I  (it 

Opening  force,  calculation,  159-161 
Pnck 

Design,  3 72 
Material,  356 

Personnel  parachutes,  327-328 
Packing 

Facilities,  439-442 
Presses,  442 
Pressure,  172 
Tables,  440 
Tools,  HO,  441-442 
Paratroops,  7 

Permeability 
Cloth,  353-356,  369 
Measurement  of,  492 

Personnel  guide-surface  canopy,  81,  379 

Personnel  parachutes 
Canopies,  321-327 
Deployment,  331 
Design  requirements,  319 
Harness,  328,  33 0-331 
Pack.  327-128 

Photographic  recording  instruments,  494-495 

Pilot  chute 

Deployment,  3 72 
Performance,  3 92-393 

Pino,  5 

Platforms  for  air  drop,  284,  288 
Porosity 

Kffzctive,  l'Si-14i 
Geometric,  369 
Mechunical,  27 
Nominal.  131-132 
Total,  27 
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f’orosity,  effective 
Calculation,  140-141 
Kffecta  on  drag,  165-170 
Effects  on  stability,  226 
Meaaurement  of,  133-140 

Preaae*,  packing.  44? 

Preaaure 

Meaaurement  of,  492 
Packing,  372 

Preaaure  diatributioa,  canopy 

Pull  open,  aubaoaic  and  trannonic  flow,  180-193 
Pull  open,  auperuoaic  flow,  193-196 
Inflating,  aubaonic  flow,  19 6 

Preaaure  packing,  372 

Preaaure  ewitcbea,  426-428 

Recovery  of  aeroapace  vebiclea,  297-305 

Reefing.  183-188 
Calculation,  18S-186 
Linea,  184-185 
Line  cutters,  414-418 
Multiple,  18  5 

Supersonic  applications,  187-188 
Rings,  18  8 

Release  devices,  411-414,  418-420 
Release  systems,  304 

Reliability.  259-271.  365 
Aaseasmeot.  262-270 
Component.  266-270 
Improvement  of,  271 
Overall  system,  264-266 
Requirements,  259-26C 

Restraining  systems,  air-drop,  284 
Retrieval,  305 

Reynolds  number  effects  on  dreg,  179-181 
Ribbed  guide-surface  canopy,  79,  380 

Ribbon  canopies 
Conical,  87,  382 
Equiflo,  89 
Plat  circular,  85,  379 
Itemisflo,  89 
Ringsaii,  93 
Ringnlot,  90,  384 
Wako,  99 

Ribless  guide-surface  canopy,  77,  380 
Ribless  guide-surface  canopy,  modified,  83,  380 
Rings,  408 

Ring  slot  canopy,  90,  384 
Ring  sail  canopy,  93 


Risers,  386 

Rocket  sleds,  parachute  teat,  465,  488-490 
Hotafoil  cruiopy,  95 
Rotating  canopies,  95-97 
Rotor  blade  deceleratorn,  106 

Seams,  397-403 

Designation  of,  402-403 
Strength  of,  402-403 

Sewing,  396 

Sewing  owchinea,  442 

Shaped  gore  canopies,  72,  89,  385 

Shepsrdson,  W.P.,  8 

Silver,  for  target  paracbntes,  334 

Skids,,  for  air-drop,  284,  288 

Skirt  heaitator,  290 

Saapbooka,  410 

Snatch  force 

Calculation,  146-146 
Redaction  of,  148-149 

Special  weapons  deceleration  parachutes 
Canopies,  319 
Design.  317-318 
Deployment,  318-319 
Deployment  bags,  3 19 

Spherical  decelerator,  99-101 
Spherical  segment  decelerator,  104-106 
Spin  recovery  parachute,  295-29 7 
Squidding  canopy.  36 7 

Stability,  224-252 
Dynamic.  228-252 
Static,  225  228 

Stability  of  canopies,  66-67 

Stabilisation  in  air-drop,  293-297 
Bomb,  293-294 

Droppable- wheel  recovery,  294-29 5 
Fael  tanks,  293 

Static  line  deployment,  371 
Steerable  canopies,  99,  321 
Stitching,  402 
Strain,  meaaurement  of,  491 
Stress 

Cloth,  201-203 

Distribution  calculation,  198-204 

Suspension  lines,  377-378 
Effect  of  length,  367 
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I'angrntiu!  force  coefficient!).  }(."> 
Tape,  textile,  148-35 0 
Turget  pur  a,  <ulea,  131-135 
Telemetry  systems,  497-498 
Tenaiometer,  492-495 
Teal  inatramentation,  490-498 
Teat  vehiclea,  478-490 
Texting 

Aircraft  tow,  461-465 

Gravity  drop,  452-459 

laclined  teat  facility,  477 

Rocket  boosted  free  flight,  459-463 

Rocket  boosted  sled,  465 

Water  tow,  465-471 

Wind  tunnel,  471 

Thread,  3*1-3 S3 
Time 

Filling.  149-159,  162 
Opening,  30 

Timing  devices,  421-426 


Tools,  parking,  441 
Tiajectary 

Calculation,  504-514 
Control,  365 

Curves,  parametric,  35-53 
Transducers,  490-492 
Veraazio,  Fsssto,  3 
Vortex  ring  canopy,  97 

Wake  effects,  primary  body,  204-224 
Subsoaic  now,  204-211 
Traasoaic  and  supersonic  flow,  211-224 

Wako  caaopy,  99 

Water  tow  teating 
Deep  water,  469-471 
Shallow  water,  466-469 

Webbings,  345-348 
Wheeler,  Richard,  8 
Whirl  lower  testing,  458-459 
Wiad  taaael  testing,  471 
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